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ASD-TDR-G2-420 


Thi:fl---pepop-fc»'-<iocuTnen-t;s~1?he-‘'W'OTk*performed  >t»  modifying, 
instrumenting,  and  irradiating  a  minlmwn  telemetering  system,  and 
in  evaluating  the  possible  use  of  xerographic  storage  plates  and 
photomultipliers  in  a  nuclear  radiation  environment.  A  partially 
hardened  23O  J>Tc  telemetering  subsystem  consisting  of  -mm-  sensors, 
two  SCO's,  mixer  amplifier,  FM/FM  transmitter,  and  PM/FM  trans¬ 
mitter  was  dynamically  irradiated  at  the  3  1''!^  Juround  Test  Reactor 
h*-  (Gl'..)  for  100  continuous/ho'U^B, -.during  September,  I96I.  The  average 

Integrated  nuclear  radiation  e::^osure  for  the  subsystem  was  3.0  x 
10^^  n^/cm'^  (nE  ">  1.0  Hev)  an;r  8.0  x  lOlO  ergs/gm-(c).  F’ailure  of 
the  low  pass  filters  in  the/xwo  SCO's  occurred  after  an  exposure 
of  4.0  X  10^^  n^/cm^  (nJ>->  1.0  Mev),  I.3  x  109  ergs/gm-(c).  Trans¬ 
mitter  output  power-of'  the  FM/FM  and  PM/FM  transmitters  failed  after 
an  exposure  oflS<t5x  10^5  (nE  .>  1.0  Mev),  2.0  x  10^0  egs/gm(c) 

and  3.0  X  \Q^^nf/cvn^  (nE  >  1.0  Mev),  8.0  x  10®  ergs/gm-(c),  respec¬ 
tively. 

There  v-/as  no  gross  change  in  dark  resistivity  of  a  photo¬ 
sensitive  astorphus  selenium  (xerographic)  detector  after  exposure  in 

the  GTR's  2  7/8  in^ir  square  pneumatic  tube^to-1.1  x  10^ 

"(nK-">  1.0  Mev)  2.1  X  10^  e.rgs/gtn-hr(C  )^Fo^  Wn  minutes. 

'^o  RCA  No.  5819,  10  stage,  Bll~spectrum  'aiffa' two”  l5uMont 
No.  6292,  10  stage ,-'^>5^  spectrum  photomultiplier  tubes  viere  dynam¬ 
ically  irradiated  in  aa n TtyrT-nTTr^n-^ t  3000  curie  C060  gamma  source 
OB— Ootober— i-, — to  'Investigate  the  degree  of  gamma  photon  induced 
dark  current  saturation  ._Both  types  of  phototubes  exhibited  stable 
response  to  high  light  stimuli  in  a  nuclear  environment  of  2.0  x  10^ 
ergs/gm-hr (C) .  \ 
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I.  IRRADIATION  OF  A  TELEMETERING  SYSTEM  AND  RELATED 
RECONNAISSANCE  SENSORS 


This  report  documenta  the  work  performed  In  modifying,  instru¬ 
menting,  and  irradiating  a  minimum  telemetering  system,  and  in  evalu¬ 
ating  the  possible  use  of  xerographic  storage  plates  and  photomulti¬ 
pliers  in  a  nuclear  radiation  environment.  The  telemetry  work  has 
direct  application  to  the  development  of  a  telemetering  system  for 
the  nuclear  ramjet  vehicle. 

The  nuclear  ramjet  missile  flight  test  configured  vehicles  will 
Include  radio  conmand  control  capabilities.  In  order  to  realize  a 
complete  closed  loop  system,  selected  missile  parameters  relating 
aerodynamic,  propulsion,  and  electronic  system  performance  to  command 
functions  must  be  visually  displayed  in  real  time  at  the  command  con¬ 
soles.  The  measurement,  transduction,  signal  conditioning,  and  trans¬ 
mission  of  the  various  quantities  will  be  accomplished  by  an  appropri¬ 
ate  multi-channel  telemetering  subsystem,  and  additional  telemetry 
will  provide  the  means  for  acquisition  of  vehicle  flight  test  perform¬ 
ance  data  for  analytical  purposes.  Thus,  the  Importance  of  an  accel¬ 
erated  telemetry  subsystem  development  must  be  emphasized  and  immedi¬ 
ate  attention  given  to  preliminary  testing  of  telemetry  processes  and 
techniques  in  a  nuclear  radiation  environment. 

As  a  first  step  in  this  development,  a  minimum  telemetering  sys¬ 
tem  was  prepared  from  selected  components  and  tested  in  the  radiation 
environment  of  the  Air  Force  Ground  Test  Reactor  (GTR)  at  the  Nuclear 
Aerospace  Research  Facility  (NARF).  The  system  consisted  of  a  V.H.F. 
low-power  frequency  modulated  telemetering  transmitter,  a  V.H.F.  low- 
power  phase  modulated  telemetering  transmitter,  a  linear  mixer  ampli¬ 
fier,  two  IRIG  (Inter-Range  Instrumentation  Group)  subcarrier  oscilla¬ 
tors  and  ten  representative  transducers.  Specific  details  of  each 
component  are  given  in  the  text  of  the  report. 

Nuclear  ramjet  missiles  may  be  used  for  a  number  of  missions,  one 
or  more  of  which  may  require  some  reconnaissance  capability.  Because 
of  the  nuclear  radiation  susceptibility  of  most  reconnaissance  sensors, 
very  few  of  the  reconnaissance  concepts  have  been  evaluated.  One  pos¬ 
sible  method  which  utilizes  an  electrostatic  process  was  investigated 
to  evaluate  its  usefulness  in  a  nuclear  radiation  environment.  A  spe¬ 
cial  test  fixture  was  built  to  measure  charge  leakage  from  an  experi¬ 
mental  xerographic  plate,  when  exposed  to  radiation  in  the  GTR  rabbit 
tube.  Details  are  discussed  in  the  body  of  this  report. 


Manuscript  released  by  B.  T.  Lowrey  and  J.  C.  Mitchell  June  1962  for 
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types  of  photomultiplier  tubes  were  Investigated  to  deter- 

light  radiation  while  in  a  gamma  photon 
about  105  r/hr.  This  was  accomplished  by  placing  the  photo- 
In  the  NARP's  gamma  irradiator  along  with  a  light  source. 
Dyn^lc  operation  of  the  phototubes  revealed  that  they  could  sense  a 
light  pulse  even  in  the  presence  of  a  "saturated"  dark  current  con¬ 
dition  produced  by  nuclear  radiation. 


articles  contractually  committed  to  test- 
ing,  irradiation  space  was  made  available  for  two  additional  test 

actuator  package,  and  (2)  a  permanent  magnet 
generator.  These  items  were  modified  and  instrumented  for  testing 
under  a  Joint  Industry  and  Chance  Vought  program.  A  separate  and 
complete  report  is  being  prepared  on  these  items  and  will  be  furnished 
to  the  Air  Force  as  soon  as  it  is  completed. 


The  following  sections  of  the  document  describe 
work  performed  on  Air  Force  Contract  AF33( 657) -7229. 


in  detail  the 
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II.  NUCLEAR  IRRADIATION  EVALUATION  OF  THE 
TELEMETERING  SYSTEM 


2.1  Introduction 

Nuclear  radiation  emitted  from  the  nuclear  ramjet  missile  reactor 
is  an  added  environmental  parameter  that  causes  the  characteristic 
performance  of  an  electronic  system  to  change  as  a  result  of  neutron, 
gamma  photon,  and  secondary  radiation  Interaction  with  the  materials 
of  the  system.  No  theory  now  exists  which  will  mathematically 
correlate  the  amount  of  nuclear  radiation  exposure  with  the  resultant 
property  changes  of  a  material;  consequently,  the  study  of  radiation 
damage  is  directly  linked  to  experimental  data.  The  predictions  and 
design  studies  which  can  be  made,  at  present,  are  no  more  accurate 
than  the  methods  by  which  test  data  are  analyzed  and  used. 

The  reliability  of  an  electronic  system  in  a  nuclear  radiation 
environment  is  dependent  upon  the  reliability  of  its  individual  active 
and  passive  components  which  in  turn  are  dependent  upon  the  reliabil¬ 
ity  of  their  specific  materials.  System  reliability  in  a  nuclear 
environment  can  be  correlated  to  the  weakest  component  in  the  system, 

i.e.,  the  component  having  the  greatest  adverse  property  changes  due 
to  material  degeneration.  Therefore,  the  nuclear  radiation  tolerance 
level  can  be  increased  by  replacing  the  weakest  components  and 
materials  with  more  radiation  tolerant  substitutes,  or  in  some  cases 
by  redesigning  circuits  to  eliminate  low  tolerance  active  or  passive 
components  where  suitable  substitutes  are  not  available. 

The  objective  of  the  Telemetering  Radiation  Effects  Evaluation 
Study  was  to  investigate  telemetry  processes  and  techniques  in  a 
nuclear  radiation  environment,  and  to  establish  the  functional  damage 
threshold  of  a  typical  telemetering  system  in  a  nuclear  radiation 
environment . 

The  telemetering  system  is  defined  here  as  that  portion  of  a 
data  system  involved  with  the  acquisition,  conversion,  and  trans¬ 
mission  of  typical  flight  test  performance  intelligence.  The  irradi¬ 
ated  telemetering  system  components  were  combined  in  a  telemetry  con¬ 
figuration  as  shown  in  Figures  1  and  2,  employing  both  FM/PM  and 
PM/FM  techniques  and  consisting  of: 

a.  Input  D.  C.  Signals  (data  to  be  transmitted) 

1.  0,  2.5,  5  volt  step  inputs 

2.  Six  pressure  transducers  (0  to  5  volts  output) 

3.  Two  double  angular  position  transducers 
(0  to  5  volts  output) 
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b.  Voltage  Controlled  Subcarrier  Oscillators 

1.  10.5  kc  Vector  Model  S-8lb 

2.  14.5  kc  Vector  Model  S-8lb 

c.  Mixer-Ampllfler,  Vector  Model  A-80 

d.  230  Me  Crystal  Controlled  Telemetering  Transmitters 

1.  2  watt  PM/PM  Telechrome  Model  1472A2 

2.  2  watt  PM/PM  Bendlx  Model  TXV-I3 

A  schematic  block  diagram  of  the  system  Is  presented  In  Plgure  1 
with  dashed  lines  enclosing  all  Items  of  the  telemetry  system  that 
were  exposed  to  nuclear  radiation.  The  other  equipment  was  located 
In  the  nuclear  reactor  control  room  as  support  Instrumentation. 
Discussion  of  the  pressure  and  angular  position  transducers  consltl- 
tute  another  section  of  this  report  and  will  not  be  considered  In 
detail  here. 

The  philosophy  underlying  selection  and  testing  of  the  telemetry 
system  was  to  select  reliable  off-the-shelf  components,  analyze  them 
for  nuclear  radiation  tolerance,  perform  limited  nuclear  radiation 
oriented  component  modification,  perform  applicable  nuclear  radiation 
dynamic  tests,  and  assess  their  usefulness  In  a  nuclear  radiation 
environment.  The  telemetering  components  shown  In  Plgure  1  and  2 
were  selected  because  of  past  experience  gained  In  Chance  Vought's 
flight  test  program  of  the  P8u.  These  units  have  proven  highly  re¬ 
liable  and  stable  under  severe  operating  conditions,  thus  making  the 
effects  of  nuclear  radiation  on  their  operating  parameters  more 
easily  evaluated. 

Nuclear  radiation  hardening  (modification)  of  the  telemetering 
system  was  limited  to  simple  material  and  coniponent  changeout,  with 
the  exception  of  redesign  of  the  Telechrome  modulator  circuit  to 
eliminate  a  variable  capacitor  diode.  Modifications  were  Intention¬ 
ally  kept  very  simple, for  It  was  one  of  the  goals  of  this  test  to 
determine  how  basically  stable  the  selected  telemetering  system  was 
after  minor  modifications.  No  attempt  was  made  to  redesign  the 
circuits  for  maximum  I’adlatlon  stability.  A  summary  of  the  telemeter¬ 
ing  component  modifications  are  listed  In  the  following  sections  of 
the  report. 

2.2  Nuclear  Radiation  Exposure  Test  Conditions 

The  previously  described  telemetering  system,  shown  In  Plgure  1, 
was  Irradiated  In  the  East  position  of  the  three  megawatt  water 
moderated,  enriched  uranium  235  Ground  Test  Reactor  at  General 
Dynamics,  Port  Worth,  during  the  nerlod  pf  September  18  through  21, 
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1961  for  a  total  exposure  time  of  approximately  8l  hours  (Figure  3). 
The  Integrated  neutron  and  gamma  photon  dose  exposures  for  each  of 
the  telemetering  components  shown  in  Figure  1  differ  slightly 
because  of  physical  location  relative  to  the  nuclear  reactor.  Radia¬ 
tion  exposures  for  each  component  are  presented  with  the  discussion 
of  each  component. 

The  air  temperature  environment  of  the  east  pallet  varied  from 
daytime  to  night  time  due  to  the  change  in  ambient  air,  but  the 
average  temperature  around  the  telemetering  equipment  was  approxi¬ 
mately  110  F.  No  attempt  vias  made  to  control  the  temperature  or 
humidity  environment  of  the  telemetering  equipment,  for  the  natural 
environment  with  the  reactor  at  three  megawatts  Is  well  within 
specification  limits  of  -9^0F  to  239°F  temperature  range  and  95  per 
cent  humidity  at  122°F .  Environmental  changes  experienced  by  the 
telemetering  components  did  not  introduce  any  random  or  accumulative 
errors  in  measured  output  parameters. 

Vibration  contributions  from  the  Lear  actuator  and  Westlnghouse 
generator  helped  provide  a  more  realistic  evaluation  of  the  telemeter¬ 
ing  system,  for  In  fact  these  components  might  be  present  In  a 
typical  flight  test  configuration.  The  relative  physical  relation¬ 
ships  of  the  components  would  be  different  from  those  which  existed 
In  this  test;  however,  a  realistic  vibration  Input  was  present. 

2.3  Miniature  Subcarrlcr  Oscillator  (Vector  Type  S-8IB) 

Conversion  of  signals,  proportional  to  the  various  measurands  in 
a  multichannel  system,  into  a  complex  modulating  signal  composed  of 
variable  tones  is  accomplished  by  the  subcarrier  oscillators.  These 
oscillators  may  be  any  of  four  basic  ^ypes,  according  to  the  method  of 
modulation  employed  on  the  carrier.  The  type  of  oscillators  used  in 
the  test  were  the  voltage-controlled  type.  Voltage- controlled  oscil¬ 
lators,  as  their  name  Indicates,  are  modulated  by  a  variable  dc 
voltage.  The  dc  voltage-controlled  telemetering  subcarrier  oscilla¬ 
tor  converts  intelligence  In  the  form  of  dc  voltage  amplitudes  Into  a 
frequency  modulated  subcarrier  signal.  Sources  of  the  test  dc  voltage 
inputs  to  the  10.5  Kc  and  14.5  Kc  subcarrier  oscillators  are  typical 
flight  test  instrumentation  angular  position  transducers  (potentiome¬ 
ter  type),  pressure  transducers  (potentiometer  type),  and  step  dc 
voltage  inputs  as  illustrated  in  Figure  4.  The  schematic  circuit  dia¬ 
grams  for  the  10.5  Kc  and  14.5  Kc  subcarrier  oscillators  are  shown  in 
Figures  5  and  6, respectively . 

Major  functional  components  of  the  subcarrier  oscillator  diagrams 
(Fig.  5  and  6)  are: 

a.  Drift  free,  compensated  dc  amplifier 

b.  Free  running,  degenerative,  positive  bias  multivibrator 

c.  Low-pass  output  filter 
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ac  volts  output 
signal  to  mixer 


FIGURE  6  SCHEMATIC  DIAGRAM  FOR  THE  14.5  Kc  VOLTAGE  CONTROLLED  SUBCARRIER  OSCILLATOR 
VECTOR  MODEL  S-8IB 


The  operation  of  the  circuit  Is  as  follows:  The  variable  dc 
input  voltage  to  the  trlode  VI  is  amplified  and  applied  to  the  grid 
of  the  modulator  tube,  V2,  which  results  In  alterations  In  the  bias 
dc  voltage  to  the  free-running  multivibrator,  and  hence  In  the 
frequency  of  operation.  These  output  pulses  form  square  waves,  with 
many  harmonics,  which  are  fed  through  the  low-pass  filter,  FI,  to 
eliminate  the  harmonica.  Typical  performance  characteristics  for  the 
Vector  Type  S-8IB  miniature  subcarrier  oscillator  are: 

a.  Modulation  linearity,  0.75 

b.  Output,  2.5  volts  rms  minimum 

c.  Modulation  sensitivity,  7.5  ^  deviation  for  0  to  5  vdc 
Input 

d.  Output  Impedance,  47,000  ohms 

Complete  specifications  are  contained  In  Appendix  B1 .  The  only 
difference  between  the  10.5  Kc  and  14.5  Kc  subcarrier  voltage  con¬ 
trolled  oscillator  are  the  values  of  capacitors  C]^,  C2  (Fig.  5)  and 
Cl,  Co  (Fig.  6)  In  tl«  multivibrator . 

A  nuclear  radiation  effects  evaluation  of  the  subcarrier  oscilla¬ 
tor  was  performed  to  assess  what  modifications  were  feasible  to 
extend  Its  operational  life  In  a  nuclear  radiation  environment.  As 
previously  stated,  only  minor  modification  was  consldere4  feasible  for 
the  test.  Materials  and  components  replacement  modification,  detailed 
In  Table  1,  was  the  same  for  the  10,5  Kc  and  l4.5  Kc  subcarrier 
oscillators , 


TABLE  1 

Nuclear  Radiation  Effects  Mb'dif^lcdt'lob  bf  the 
Subcarrier  Oscillators 


Original  Element 

Replacement  Element 

Electronic 

Element 

Material 

Description 

• 

Nuclear 
Radiation 
Functions  1 
Threshold 

Material 

Description 

Nuclear 

Radiation 

Functional 

Threshold 

Electrical 

wire 

Insulation 

Teflon 

1.0  X  107 
ergs/gm-(C ) 

Polyvinyl¬ 
chloride  and 
Fiberglass 
sleeving 

2.0  X  lOlO 
erg3/gm-(C ) 

Capacitor 

paper  -  .01 
mfd,  200v 
Aerovox 

1.1  X  10^ 

ergs/gm-(c) 

Mylar  -  .01 
mfd,  200v 
Goodall 

1.2  X  lolO 
ergs/gm-(C ) 

12 


TABLE  1  (Continued) 


Original  Ele 

ment 

Replacement  I 

Element 

Electronic 

Element 

Material 

Description 

'■  - -  ..  ,j 

Muclear 

Radiation 

Functional 

Threshold 

Material 

Description 

Nuclear 

Radiation 

Functional 

Threshold 

Resistor 

Molded 
carbon  with 
Boron-5. IK 
Ohm,  0.5W 

I.R.C. 

7.0  X  107 
ergs/gm-(c) 

Deposited 

carbon 

5. IK  ohm, 

0.5W 

I.R.C. 

1.8  X  10^1 

ergs/gm-(c 

Tube, 

Four-glass 

1.0  X  10^^ 

Four-glass 

5.0  X  lO^^ 
n/cm^* 

Electron 

envelope 
subminiature 
GE  6111 

n/cm^* 

envelope 
submlnlature 
GE  6111 

Five  Star 

large  part  of  the  electrical  hookup  wire  was  Teflon  Insulateri 
which  would  not  withstand  the  expected  5  x  lOlO  ergsAm-(C)  Lmma  ^ 

insulated  elec! rif al  ^SookCr'lre 

was  substituted.  Where  apace  permitted,  a  fiberglass  sleevln;^  was 

should  Insulation  to  minimize  short In^, 

should  the  Insulation  melt.  The  melting  point  for  polyvinylchloride  Is 

200op  and  since  the  packing  density  was  Increased  Inside 
the  SCO's  due  to  replacement  of  the  material,  hot  spots  In  excess  of  200“P 
possibly  would  occur.  Other  modifications  were:  mylar  substituted 
capacitors,  deposited  carbon  substituted  for  molded  carbon 
(with  boron)  in  reslstorb,  and  G.E.  bill  Five  star  subat?tnted  ?or 
G.E.  bill  glass  envelope  electron  tubes.  The  substituted  electronic 
elements  were  standard  off-the-shelf  elements  with  an  eltabllshS  his 
tory  of  reliably  applications.  This  fact  assists  irseparatlnr^rmai 

nuclear  radiation  Induced  component  failures 
These  modyicatlons  qualify  the  SCO's  for  the  1  x  lOlOeSgs/gL  (? ) 

co™peSa?:;^d^c°^“|!l?[errfrr;u™TSrdeGLoraj;v\"^ 

multivibrator;  and  low  pass  output  filter  were  InstrEmen^a^ed  sfeach 
monitored  during  the  Irradiation.  Parameters  monitored  durln^r 

tlon  baL'Hnr’datf  ^  Instrumenta- 


neulronlne^S^efjess^SL^ToPrei? 

energleriargerfhaifl^Mev  neutrons  with 


TABLE  2 


ABSTRACT  OF  TELEMETERING  DATA  SHEET  FOR  THE 
SUBCARRIER  OSCILLATORS 


Step 

10.5  Kc  : 

3  C  0 

Input 

dc 

Multivibrator 

Filter 

Distortion 

Volts 

'Amplifier 
Output 
(Volts ) 

Output 

Output 

ifo) 

Volts 

Freq . 

Volts 

Freq . 

(dc) 

(ac). 

(cps  ) 

(ac) 

(cps  ) 

0 

76.5 

^  ■  —  ■  ■  ■  ■ 

1.27 

11160 

— 

.55 

11150 

- 

2.5 

69.4 

1.40 

10531 

.41 

10523 

1.05 

5.0 

62.1 

1.60 

9895 

.78 

9895 

- 

14.5  Kc  S  ( 

:  0 

0 

77.9 

.96 

15360 

.40 

15350 

- 

2.5 

71.2 

1.10 

14506 

.42 

14494 

2.5 

5.0 

64.2 

L 

1.30 

13669 

.52 

13654 

- 

2.3.1  Subcarrier  Oscillator,  10.3  Kc 1  (Vector  Model  S-8IB) 

Stable  operation  of  the  10.5  Kc  SCO  v/as  achieved  with  the 
test  pallet  In  place  adjacent  to  the  reactor  In  the  east  position 
prior  to  reactor  start  up.  There  was  no  noticeable  change  in  SCO 
parameters  as  the  reactor  was  brought  up  to  power.  The  SCO  func¬ 
tioned  49  hours  of  the  80.73  hours  of  reactor  operation.  Total  nuclea 
radiation  exposure  accumulated  during  the  237.2  Mv/  hours  of  reactor 
operation  was  9.6  v  lo^*^  er  ••s/gni-(C )  and  3.1  x  10^“  n^/cm^  ^  Dosimetry 
data  presented  In  Table  IVA for  the  10.5  Kc  SCO  was  reduced  and  put 
In  graph  form,  os  presented  In  Figure  7. 

Amplifier  Stage,  1Q;3  Kc  SCO  Output  voltage  of  the  dc  ampli¬ 
fier  showed  little  variation  until  signal  failure  which  occurred 
after  49  hours  of  reactor  operation  (Fig.  8)  and  an  exposure  of  5.7  x 
10l0erg3/gm-(C)  gamma  and  I.9  x  10l6nj,/c,n^  (pi^r.  7).  Post  Irradiation 
test  evaluation  of  the  amplifier  I’evealcd  that  the  R1  resistor  shown 
In  circuit  diagram.  Figure  5^  had  a  significant  Increase  In  resistance 
due  to  Interaction  of  nuclear  radiation  energy  with  resistor  materials 
Details  of  this  type  of  Interaction  are  discussed  at  length  In 
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LOG 


Output  Voltage  Based  upon  a  2.5  Volt  dc  Input 
See  Figure  7  for  Nuclear  Radiation  Exposure 
See  Figure  5  for  V/iring  Diagram 


FIGURE  8  DC  AMPLIFIER  OUTPUT  (10.5  Kc  SUBGARRIER  OSCILLATOR) 


Appendix  C.  Failure  of  the  R1  resistor  at  an  exposure  dose  of  5.7  x 
lOlO  ergs/gni-(c)  Is  premature  by  a  factor  of  3,  for  In  general  a  de¬ 
posited  carbon  resistor  will  be  within  specification  limits  after  an 
exposure  of  1.8  x  lOH  erg3/gm-(C).  This  discrepancy  In  expected 
behavior  Is  assumed  to  be  related  to  a  combination  of  manufacturing 
tolerances,  statistical  failure,  and  unknown  environmental  conditions. 
R1  was  an  IRC  240  K  ohm  ±1^,  0.5  watt  deposited  carbon  resistor  (Ref. 
Table  3).  The  rest  of  the  electronic  elements  In  the  dc  amplifier  did 
not  show  any  significant  changes. 

Multivibrator  Stage,  10.5  Kc  SCO  Output  parameters,  frequency 
and  voltage,  were  stable  during  the  pre -Irradiation  base  line  data  run 
while  In  position  adjacent  to  the  reactor.  Frequency  was  stable  until 
failure  occurred  after  2.9  hours  of  operation.  Small  output  voltage 
fluctuations  occurred  during  the  first  hour  of  operation  with  a  nega¬ 
tive  8.3^  decrease  occurring  after  2.I5  hours  (Fig.  9).  Output  volt¬ 
age  decreased  to  0  after  2.9  hours  of  reactor  operation.  Post  Irradi¬ 
ation  tests  revealed  that  multivibrator  failure  was  caused  by  failure 
of  resistors  R6  and  R7,  Figure  5.  They  were  33OK  ohm  ±1^6,  0.5  watt, 
Reon  wire  wound  encapsulated  resistors.  Both  resistors  had  Increased 
In  resistance  to  5  M  ohms  by  the  end  of  the  test.  Exact  resistance 
at  the  time  of  multivibrator  failure  Is  not  known,  but  a  large  enoxigh 
change  occurred  to  cause  output  voltage  to  decrease  to  zero  after  2.9 
hours  and  a  nuclear  radiation  exposure  of  1.5  x  109  ergs/gm-(C)  and 
5.0  X  10l4  nf/cm^  (Ref.  Fig.  7)*  Wire  wound  type  resistors  are  ex¬ 
pected  to  function  normally  after  an  exposure  of  1.0  x  lOl?  nf/cm2; 
however,  post  Irradiation  evaluation  revealed  that  the  resistors  were 
wound  on  an  organic  spool,  which  would  reduce  their  tolerance  to  nucle¬ 
ar  radiation.  It  was  concluded  that  resistors  No.  6  and  7  (Fig.  5) 
developed  an  open  circuit  as  a  result  of  the  spools’  Increasing  In  size 
and  causing  wires  to  break. 

Other  electronic  elements  In  the  multivibrator  were  not  signifi¬ 
cantly  changed  at  the  time  of  the  post  Irradiation  test.  Normal  oper¬ 
ating  parameters  were  restored  by  replacing  resistors  r6  and  R7,  Fig¬ 
ure  5  • 

Low-Pass  Output  Filter  Stage,  10.5  Kc  SCO  The  filter  Is  an  elec¬ 
tric  alcirHirtnetworlc~comp^3e^of~rrjduFFor3~and  capacitors  designed 
to  have  specific  characteristics  with  respect  to  the  transmission  and 
attenuation  of  various  frequencies  applied  by  the  multivibrator  stage 
(Ref.  Appendix  B  ).  It  Is  an  unbalanced  low  pass  filter  that  passes 
all  frequencies  below  upper  band  cut-off  frequency. 

Up  until  failure  of  the  multivibrator  stage  at  2.9  hours  of  reac¬ 
tor  operation,  the  low  pass  filter  was  functioning  correctly.  Evidence 
thus  Indicates  that,  at  the  time  the  input  signal  to  the  filter  from 
the  multivibrator  was  terminated,  elements  of  the  filter  had  not  de¬ 
graded  enough  to  effect  the  filter  output  signal.  Post  Irradiation 
evaluation  tests  revealed  that  effectively  the  filter  had  degraded  to 
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MULTIVIBRATOR  OUTPUT  (ac  volts) 


Noten  : 

1.  Output  Volta/^o  ]3asod  Upon  A  2.5 
Volt  dc  Amplifier  Input 

2.  .Uce  Fij'iuro  7  For  Nuclear  Radiation 
Expooure 

3.  3(.'e  Fi';urc  5  For  Wiring  Diagram 


Hl';ACi'ORi  OFICRATION  (liourn) 


FIGURE  9 


.'iULTIVIBRAlOR  OU'JPUi’  (10. 5  Kc 


3UBCAHRIER  03CILLAT0R) 
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the  point  that  It  did  not  act  like  a  filter,  but  as  an  ac  short  to 
ground  and  attenuator.  It  would  bypass  all  frequencies  applied  at 
input.  It  was  not  established  what  electronic  elements  caused  this 
change^  for  the  filter  was  potted  In  place.  Attempts  at  disassembly 
destroyed  the  components  as  far  as  parameter  evaluation  was  concerned. 
It  was  concluded  that  nuclear  Induced  degradation  of  the  mica  capaci¬ 
tors  caused  failure  of  the  low  pass  filter.  In  general,  filters  should 
be  free  of  potting  compound  during  a  nuclear  radiation  effects  evalua¬ 
tion  so  components  can  be  evaluated  separately.  An  alternate  would  be 
to  incorporate  test  leads  In  filter  circuit  and  then  pot. 

2.3.2  Subcarrier  Oscillator,  l4.5  Kc  (vector  Model  S-8IB) 

Stable  operation  of  the  l4.5  Kc  SCO  was  achieved  with  the  test 
pallet  In  place  adjacent  to  the  reactor  in  the  east  position  prior  to 
reactor  start  up.  There  was  no  noticeable  change  in  SCO  parameters 
as  the  reactor  was  brought  up  to  power.  The  SCO  functioned  for  30.0 
hours  of  the  8o.73  hours  of  reactor  operation  (Ref.  Fig.  10).  Total 
nuclear  radiation  exposure  accumulated  during  the  237.2  Mw  hours  of 
reactor  operation  was  8.0  x  10^®  ergs/gm-(C)  and  2.8  x  lO^o  nf/cm^. 
Dosimetry  data  presented  in  Table  4a  for  the  14.5  Kc  SCO  was  reduced 
and  put  In  graph  form  as  presented  in  Figure  11.  A  complete  descrip¬ 
tion  of  elements  shown  In  Figure  6,  Schematic  Diagram  of  14.5  Kc  SCO, 
with  failure  notes  Is  presented  in  Table  4.  This  table  represents  the 
modified  SCO  as  It  was  irradiated. 

Amplifier  Stage,  14.5  Kc  SCO  A  stable  output  voltage  was  observ¬ 
ed  for  2.1  hours  o?  reactor  operation.  The  voltage  became  unstable 
after  that  time  and  finally  went  to  zero  after  30  hours  of  reactor 
operation  (Ref.  Fig.  lO) .  Failure  of  the  amplifier  was  caused  by  a 
2  M  ohm  Increase  In  resistance  of  the  IRC  5.1  K  ohm  ±1^,  0.5  watt, 
molded  deposited  carbon  resistor  R5  (Fig.  5).  This  failure  occurred 
after  a  nuclear  radiation  exposure  of  2.9  x  10^*^  ergs/gm-(C)  and  1.0 
X  10^°  nf/cm2  and  Is  thought  to  be  a  result.  In  part,  of  the  nuclear 
radiation  Interaction  with  the  resistor.  Failure,  of  the  resistor  was 
premature  by  a  factor  of  6  as  compared  to  similar  deposited  carbon 
resistors.  This  variation  in  expected  behavior  is  assumed  to  be  re¬ 
lated  to  a  combination  of  manufacturing  tolerances,  statistical  fail¬ 
ure,  and  undefined  environmental  conditions.  The  rest  of  the  electron¬ 
ic  elements  in  the  dc  amplifier  did  not  show  any  significant  changes. 

Multivibrator  Stage,  14.5  Kc  SCO  Output  parameters,  frequency 
and  voltage,  were  stable  during  thepi-e-irradiation  base  line  data  run 
while  in  position  adjacent  to  the  reactor.  The  frequency  remained 
stable  until  failure  occurred  after  2.9  hours  of  reactor  operation, 
which  was  equivalent  to  a  nuclear  radiation  exposure  of  1.3  x  lo9 
ergs/gm-(C)  and  4.0  x  10l4  np/cm^.  A  noticeable  decrease  in  voltage 
output  occurred  after  the  reactor  was  brought  up  to  power.  Comparison 
of  Figure  12  with  Figure  9  shows  that  the  two  multivibrators,  10.5  Kc 
and  14.5  Kc,  had  about  the  same  voltage  failure.  Post  irradiation 
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REACTOR  OPERATION  (hours) 

FIGURE  10  DC  AMPLIFIED  OOTFUT  (lU.J  Kc  SUBCAFRIQ?  OSCILLIATOR) 
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FIGURE  11  NUCLEAR  RADIATION  EXPOSURE  FOR  THE  U.5  MC  3UBCARRIBR  OSCILLATOR  AND  MIXER  AMPUFIER 
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tests  revealed  that  multivibrator  failure  was  caused  by  failure  of 
resistors  R3  and  R7  (Fig.  6).  R3  was  a  51  K  ohm  ±1%,  0.5  watt  IRC  de¬ 
posited  carbon  resistor  and  R7  was  a  330  K  ohm  ±1^.,  0.5  watt,  Reon 
wire  wound  resistor  (Table  4).  Effectively  both  resistors  had  devel¬ 
oped  a  resistance  equivalent  to  an  open  circuit  at  the  end  of  the  test, 
80.73  hours  and  a  nuclear  radiation  exposure  of  8.0  x  10^0  erg3/gm-(C) 
and  2.8  X  10l°  n/cm^.  However,  as  pointed  out  before,  failure  occurr¬ 
ed  after  2.9  hours;  thus  the  properties  of  the  resistors  at  the  end  of 
the  test  were  different  from  those  at  the  time  of  multivibrator  fail¬ 
ure.  R7  in  this  circuit  was  the  same  as  R7  in  the  10.5  Kc  multivibra¬ 
tor  and  failure  time  and  exposed  gamma  dose  were  almost  identical. 

This  fact  indicates  that  the  nuclear  induced  R3  resistor  failure  could 
have  occurred  after  failure  of  the  multivibrator  due  to  the  R7  Reon 
wire  wound  resistor  opening  up.  Data  are  Inadequate  to  evaluate  a 
relative  failure  point  of  the  R3  deposited  carbon  resistor  with  ac¬ 
cepted  standards. 

Other  electronic  elements  in  the  multivibrator  were  not  signifi¬ 
cantly  changed  at  the  time  of  the  post  irradiation  test.  Normal  op¬ 
erating  parameters  v/ere  established  by  replacing  resistors  R3  and  R7 
(Table  4) . 

Low-Pass  Output  Filter  Stage,  14.5  Kc  SCO  The  reader  is  referred 
to  the"  "discussion  of  the  10. 5  Kc  SCO  filter,  for  the  post  irradiation 
evaluation  of  both  filters  v;as  the  same. 

2.4  Miniature  Mixer  Amplifier  (Vector  Type  A-80) 

The  miniature  mixer  amplifier  is  a  high-gain,  three  stage,  feed¬ 
back  audio  amplifier.  It  is  used  for  summing  and  amplifying  the  ac 
voltage  outputs  of  the  Vector  Type  S-8IB  10.5  Kc  and  14.5  Kc  Subcar¬ 
rier  Oscillators.  Typical  performance  characteristics  for  the  Vector 
Type  A-80  miniature  mixer  amplifier  are: 

a.  Output  impedance,  cathode  follower  output 

b.  Harmonic  distortion,  less  than  5^ 

c.  Frequency  response,  flat  within  ±  0.5  db  from  100  cps  to  100 
K  cps 

d.  Gain,  adjustable  to  approximately  20  to  10  volts  rms  maximum 
output 

Complete  specifications  are  contained  in  Appendix  B2.  The  mixer  out¬ 
put  ac  voltage  signal  was  fed  to  elthe^r  the  Bendix  or  Telechrome  tele¬ 
metering  transmitters.  The  relationship  of  the  mixer  amplifier  is 
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Notes : 

1.  Output  Voltage  Based  Upon  a 
2.5  Volt  dc  Input 

2.  See  Figure  ii  For  the  Nuclear 
Radiation  Exposure 

3.  See  Figure  6  For  Wiring  Diagram 


REACTOR  OPERATION  (hours) 


FIGURE  12  MULTIVIBRATOR  OUiVUT  (14.5  Kc  SirOCARRIER  OSCILLATOR) 
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FIGURE  13  SCHEMATIC  DIAGFIAM  FOR  THE  HIXER  AMPLIFIER,  VECTOR  MODEL  A-80 
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TABI£  5  (CONTINUED) 
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clearly  shown  In  the  telemetering  block  diagram  (Fig.  1).  A  schematic 
diagram  for  the  Vector  Type  A-80  mixer  amplifier  Is  presented  In  Fig¬ 
ure  13  with  electronic  element  identification  numbers  which  are  used 
as  an  Index  reference  to  Table  5»  For  each  coded  element  appearing  in 
Figure  13,  Table  5  gives  pertinent  Information,  Including  element, 
value,  vendor,  type,  description  and  post  Irradiation  evaluation. 

A  nuclear  radiation  effects  evaluation  of  the  mixer  amplifier 
was  performed  to  assess  what  modifications  were  feasible  to  Increase 
Its  nuclear  radiation  compatibility.  Materials  and  component  replace¬ 
ment  modifications  which  were  accomplished  are  detailed  In  Table  6. 

TABLE  6 

MIXER  AMPLIFIER  M0DIFICATI0N3 


Electronic 

Original  Element 

Replacement  Element 

Element 

Description 

Nuclear 

Functional 

Threshold 

Description 

Nuclear 

Functional 

Threshold 

Electrical 

Wire 

Insulation 

Teflon 

1.0  X  107 
ergs/gm- 

(c1 

Polyvinylchloride 
with  Fiberglass 
Tubing 

2.0  X  10^° 

ergs/gm-(C ) 

Capacitors 

Paper, 

200  volts 
Aerovox 
.5  mfd 

.25  mfd 
.033  mfd 

1.1  X  108 

Mylar,  200  volts 
Gooda 11 
.5  mfd 
,25  mfd 

.033  mfd 

1.2  X  10^° 
ergs/gm-(C ) 

Resistors 

Carbon 

Composition 

200  volts  , 

I.  R.  C. 

IM  ohm,  .25  w 
IK  ohm,  .5  w 
lOK  ohm,  1  w 

2.0  X  10^0 

Deposited  Carbon 
200  Volts 

I.R.C. 

IH  ohm,  ,25  w 

IK  ohm,  .5  w 
lOK  ohm,  1  w 

1  X  lO^l 
ergs/Bm-(C ) 

Tube, 

Electron 

Olass 

Sub-miniature 

6111 

1,0  X  10^^ 

n/cm^ 

Glass  envelope 
Sub-miniature, 
6111,  Five  Star 

5.0  X  10^8 

n/cm^ 

As  in  the  case  of  the  SCO's  most  of  the  hookup  wire  was  Teflon  insu¬ 
lated  and  had  to  be  replaced.  Here  too  the  packinc  density  was 
greatly  increased,  thus  introducing  problems  of  reducing  heat  dissi¬ 
pation.  There  was  no  apparent  heatin'^  during  the  test,  however. 
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other  replacements  were:  mylar  insulated  capacitors  were  substituted 
for  paper  insulated  capacitors,  carbon  composition  resistors  were 
replaced  with  deposited  carbon  resistors  and  6111  glass  envelope  sub¬ 
miniature  electron  tubes  v/ere  replaced  with  G.E.  Five  Star  6lll  glass 
envelope  subminiature  electron  tubes.  Electrical  characteristics 
were  not  changed  by  these  modifications  as  evidenced  by  pre-irradia¬ 
tion  instrumentation  check-out  and  prolonged  stable  operation. 

Each  stage  of  the  mixer  amplifier  was  instrumented  to  facilitate 
failure  locations  during  the  irradiation,  reference  Figure  1.  A  com¬ 
plete  dependence  on  SCO  output  signal  for  an  input  voltage  signal, 
sacrificed  mixer  amplifier  operation  during  most  of  the  irradiation. 
SCO  multivibrator  stage  failures  after  2.9  hours  of  reactor  opera¬ 
tion  terminated  operation  of  the  mixer-amplifier.  At  that  time  the 
mixer  had  been  subjected  to  a  nuclear  radiation  exposure  of  1.3  x  109 
ergs/gm-(C)  and  U.O  x  10^^  n^/cm^,  reference  Figure  11.  Output  vol¬ 
tage  from  each  stage  followed  the  fluctuations  of  the  SCO  outputs 
to  failure.  There  v;as  no  indication  of  any  nuclear  radiation  induced 
changes  in  electronic  elements  at  that  time. 

Normal  operation  of  the  mixer  amplifier  was  restored  by  replac¬ 
ing  the  Five  Star  6111  subminiature  glass  envelope  electron  tube  VI 
in  stage  one.  Figure  13,  during  the  post  irradiation  test.  Tube  pins 
were  broken  off  during  disassembly;  however,  lack  of  signal  across 
the  tube  indicated  grid  to  plate  transconductance  was  zero.  It  was 
not  discernible  whether  this  affect  was  attributable  to  nuclear  or 
non-nuclear  causes  or  a  combination  of  both.  All  of  the  capacitors 
had  a  sv/ollen  appearance  marked  with  small  bubble  voids.  This  appear¬ 
ance  can  be  attributed  to  gassing  of  the  mylar  and  encapsulating 
materials  as  a  result  of  gamma  energy  deposition.  This  degradation 
apparently  did  not  change  the  electrical  properties  of  the  capacitor 
enough  to  result  in  a  gross  change  in  electrical  properties.  No 
attempt  was  made  to  Isolate  each  electronic  element  and  assess  changes 
in  electrical  properties. 


2 , 5  General  Transmitter  Operation 

Telemetering  transmitter  operating  parameters  are  covered  by 
Inter-Range  Instrumentation  Group  (IRIG)  telemetry  standards  contained 
in  IRIG  Document  No.  IO6-6O.  Pertinent  telemetering  transmitter 
standards  are: 

a.  frequency  band  2l6  to  26o  Mcs 

b.  maximum  rf  carrier  modulation  deviation  of  plus  or  minus  125 

Kcs  / 

c.  frequency  stability  -  carrier  stable  within  -  .01^6  of 
assigned  carrier  frequency 

d.  one  hundred  (100)  watts  maximum  power,  with  actual  use  as 
small  as  permissible 
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A  typical  telemetering  transmitter  block  diagram  appears  In 
Figure  14  below: 


FIGURE  14 


TELEMETERING  TRANSMITTER  BLOCK  DIAGRAM 


Input 

Signal 

from 

Mixer 

Amplifier 


This  diagram  typifies  an  angular  modulation  transmitter  in  which 
the  Intelligence  Is  impressed  along  the  time  axis  of  the  carrier  cur¬ 
rent  In  such  a  manner  that  the  Instantaneous  carrier  frequency  Is 
directly  proportional  to  the  modulation  signal  amplitude.  This  pro¬ 
cess  Is  utilized  in  the  Telechrome  transmitter  as  modified  for  this 
test.  For  the  Bendlx  transmitter,  however,  the  modulation  Intelli¬ 
gence  Is  Impressed  along  the  time  axis,  but  Is  applied  at  a  stage  fol¬ 
lowing  the  frequency  controlling  element;  thus  the  result  Is  phase 
modulation.  This  Implies  that  the  apparent  f.m.  manifested  by  the 
existence  of  carrier  frequency  deviation  Is  an  Indirect  effect  of 
phase  departures  created  by  the  modulation  wave  form.  In  a  perfectly 
linear  uncompensated  system  this  Indirect  deviation  of  frequency  Is 
the  time  deviation  of  the  phase  departure  and  Is  equivalent  to  the 
rate  of  change  (amplitude  per  unit  time)  of  the  modulation  signal. 

Both  transmitters  do  Incorporate  circuit  elements  which  provide  a  de¬ 
gree  of  modulation  amplitude,  with  frequency  compensation,  which  re¬ 
sults  In  a  pseudo-direct  f.m.  at  modulation  signal  frequencies  above 
about  50  cps. 

It  becomes  Increasingly  difficult  to  maintain  oscillator  frequency 
stability  at  higher  frequencies;  therefore,  when  working  at  high  trans¬ 
mitting  frequencies  It  Is  desirable  to  operate  the  oscillator  at  a  low 
fr*equency  and  follow  It  with  a  series  of  frequency  multipliers,  as 
required,  to  produce  the  output  transmission  frequency.  A  frequency 
multiplier  Is  an  amplifier  that  delivers  an  output  at  a  multiple  of 
the  exciting  frequency.  From  the  viewpoint  of  any  particular  stage 
In  the  transmitter,  the  preceedlng  stage  Is  the  driver. 

Generally,  frequency  multipliers  should  not  be  used  to  feed  the 
antenna  system  directly,  but  should  feed  a  straight  power  amplifier 
which  In  turn  feeds  the  antenna  system  as  shown  In  Figure  l4  above. 

Good  frequency  stability  Is  most  easily  obtained  through  the  use 
of  a  quartz  crystal  controlled  oscillator.  The  frequency  depends 
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almost  entirely  on  the  dimensions  of  the  crystal  (primarily  Its 
thickness);  other  circuit  values  have  comparatively  negligible  effect. 
However,  the  power  obtainable  Is  limited  by  the  At  the  crystal  will 
stemd  without  fracturing.  Amount  of  frequency  drift  as  a  result  of 
heating  Is  a  property  of  the  quartz  crystal  cut.  AT  or  BT  type  of 
quartz  crystal  cuts  Is  used  for  frequencies  and  temperatures  of  In¬ 
terest  here. 

The  effectiveness  of  f.m.  and  p.m.  for  communication  purposes 
depends  almost  entirely  on  the  receiving  methods.  If  the  receiver 
will  respond  to  frequency  and  phase  changes  but  is  insensitive  to 
amplitude  changes.  It  will  discriminate  against  most  forms  of  noise. 
Special  methods  are  required  to  accomplish  the  result.  Modulation 
methods  for  f.m,  and  p.m.  are  simple  and  require  little  power  and 
therefore  are  desirable  techniques  for  lightweight  portable  telemeter¬ 
ing  systems. 

2.5.1  Telechrome  Model  1472-A2  FM/FM  Submlnlature  Telemetering 
Transmitter 


This  transmitter  has  been  used  extensively  In  flight  test  pro¬ 
grams  for  military  aircraft  and  has  a  minimum  two  watt  power  rating 
In  the  215  to  235  megacycle  band.  The  circuits  Include  a  quartz  crys¬ 
tal  controlled  oscillator  operating  at  one-sixth  of  carrier  frequency 
output  signal,  230.4  Mcs,  driven  by  a  frequency  modulator  circuit. 

The  unit  Is  designed  to  accept  modulation  frequencies  of  100  cps  to  80 
Kcs,  and  over  this  range  the  deviation  sensitivity  Is  2.75  volts  peak 
to  peak  for  ±  75  Kc  RF  deviation,  and  the  modulation  frequency  re¬ 
sponse  is  flat  to  within  ±3  db.  Cooling  Is  achieved  by  a  heat  sink 
over  the  range  -55‘’C  to  +100'’C,  aind  the  urjit  has  other  rugged  quali¬ 
ties  to  suit  military  operational  environments. 

The  Telechrome  telemetering  transmitter  Is  made  up  of  the  follow¬ 
ing  stages: 

(a)  Modulator,  FM 

(b)  Crystal  controlled  oscillator  combined  with  a  frequency 
amplifier  (trlpler) 

(c)  Frequency  amplifier  (doubler) 

(d)  Amplifier 

Its  function  In  the  telemetering  system  Is  Illustrated  In  Figure 
1.  The  oscillator  In  Figure  15  combines  the  functions  of  oscillator 
and  frequency  multiplier  In  a  single  pentode.  The  screen  of  the  pen¬ 
tode  Is  used  as  the  plate  In  the  oscillator.  Complete  specifications 
for  the  transmitter  are  contained  In  Appendix  B3. 
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A  nuclear  radiation  effects  evaluation  of  the  Telechrome  trans¬ 
mitter  was  performed  to  assess  what  modifications  were  feasible  to  ex¬ 
tend  Its  operational  life  In  a  nuclear  radiation  environment.  Materials 
and  components  replacement  modification  are  presented  In  Table  7. 

TABLE  7 

NUCLEAR  RADIATION  EFFECTS  MODIFICATIONS 
OF  THE  TELECHROME  TRANSMITTER 


1  <  >*iginal  Element 

!  Replacement  Element 

Electronic 

Element 

Material 

Description 

Nuclear 

Functional 

Threshold 

Material 

Description 

Nuclear 

Functional 

Threshold 

Resistors 

1 

Carbon 

composition 

.5w 

Allen  Bradley 

2.0  X  10^° 

ergs/gm-(C ) 

Deposited 

carbon 

IRC 

1.0  X  lO^l 
ergs/gm-(c ) 

1 

Tube, 

Electron 

Glass  envelope 
subminiature 
Raytheon 
5703/5703  WA 

1.0  X  10^5 
nf/cm^ 

1 

Glass  envelope 
submlnlature 
Sylvania 
5703./5703WA 

1.0  X  10^^ 
nf/cm^ 

Electrical 

wire 

insulation 

Teflon 

1.0  X  lo7 
ergs/gm-(c ) 

- - : - 1 

Polyvinyl¬ 
chloride  with 
fiberglass 
sleeving 

2.0  X  10^0 
ergs/gm-(C ) 

Diode 

Silicon, 
Raytheon 
in  301 

1.0  X  10^^ 

r>f/cwr 

Redesigned 
to  eliminate 
diode 
(see  text) 

1 

Connector 
fema le 
coax 

Teflon 

insulation, 

Amphenol 

UG-IO94/U 

1.7  X  10^ 

ergs/gm-(C  ) 

Polystyrene 

insulation, 

Amphenol 

UG-657/U 

6.0  X  10^0 

ergs/gm-(C ) 

Essentially  the  modifications  are  the  same  as  those  for  the  SCO's  and 
mixer  amplifier  with  the  exception  of  partial  redesign  of  the  modula¬ 
tor  oscillator  circuits  to  eliminate  a  IN301  silicon  diode.  The 
modified  Telechrome  transmitter  schematic  diagram  is  shown  in  Figure 
15.  For  comparison,  that  portion  of  the  circuit  which  was  affected 
by  circuit  redesign  is  shown  in  Figure  16 .  Comparison  of  Figure  15 
and  16  reveals  that  the  major  circuit  modification  was  to  alter  the 
quartz  crystal  driving  circuit  from  the  modulator  electron  tube 
plate.  Modification  was  accomplished  without  changing  the  output 
parameters  of  the  transmitter. 
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rf  signal 


FIGURE  l6  PART  OF  TELECHROME  TRANSMITTER  CIRCUIT 
BEFORE  REDESIGN 

Electronic  element  identification  numbers  which  appear  on  the 
schematic  dia^':ram,  Picure  15,  ai’c  index  references  to  Table  8. 

For  each  coded  element  appearing  in  Figure  15,  fable  8  gives 
pertinent  information  includln-":  element,  value,  vendor,  type,  des¬ 
cription,  and  brief  post  irradiation  evaluation. 

Before  the  transmitter  ivas  installed  on  the  pallet,  a  complete 
checkout  v.'as  made  v/hich  confiimied  normal  operation.  Next  the  trans¬ 
mitter  was  installed  on  the  pallet  in  the  telemetering  system,  see 
Fimure  1,  where  prolonged  steady  state  operation  was  achieved  both  in 
the  laboratory  and  in  position  next  to  the  reactor.  Pov/er  output 
(watts  carrier  frequency  deviation  (Kc),  and  modulation  frequency 
deviation  (Kc)  v/ere  the  parameters  monitored  before  and  during  the 
irradiation  test.  These  parameters  were  monitored  using  a  cable  link 
rather  than  antenna  link  because  of  the  complex  experimental 
environment . 

Carrier  frequency  deviation  and  output  pov;er  is  plotted  against 

reactor  operating  time  in  Figure  17.  AlUaough  carrier  frequency  is 
not  perfectly  stable,  it  is  well  within  /  .01/^  of  229.9  Me  prior 

to  reactor  start  up.  After  start  up,  and  until  failure,  carrier 
frequency  deviation  decreased  at  a  high  rate.  After  1.6  hours,  at 
0.5  Mw  reactor  power,  carrier  frequency  drift  exceeded  -.01%  of 
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FIGURE  17  FM/FM  230  Me  TELEMETERING  TRANSMITTER  OUTPUT 
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POST  IRRADIATIOH  EVALUATION  FOR  COMPONENTS  OF  THE 


SI  ^1 

Ho  CMO  CMO  roo  HO  rOO  HO  Ho  C\]o 


ooooooooo 


CVJ 

ro 

ITN 

VO 

t- 

CO 

C7V 

H 

q: 

q: 

a: 

cz; 

cc; 

K 

DC 

cx; 

O 

% 

OJ 

CJ 

C\J 

% 

CVJ 

U 

% 

o 

3 

B 

5 

o 

■p 

o 

p 

o 

p 

B 

•p 

•H 

0) 

V) 

to 

CO 

to 

to 

to 

O 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

•H 

03 

0) 

(Q 

to 

to 

to 

CO 

to 

to 

0) 

0) 

0) 

0) 

V 

a> 

0) 

t) 

(0 

K 

oi 

q: 

ca 

CC 

DC 

DC 

CC 

o 

4 


TABLE  8  ( Continued) 


rH 

r-H 

CM 

H 

H 

o 

m 

CO 

o 

O 

m 

m 

q 

1  t^ 

1 

f-4 

r4 

1  t-— 

1 

rH 

P-4- 

O  -4 

OoO 

OcO 

0-4 

0-4 

O  CO 

O  rH 

CJ  rH 

»-4  CM 

rH  CM 

CJ  H 

CJ  -H 

H  CM 

(0 

(0 

(0 

Vi 

Vi 

Vi 

<D 

0) 

a> 

CJ 

CJ 

Vi 

(U 

a> 

p 

p 

u 

O 

*-> 

O 

O 

\o 


sr 

of 


on 


< 


►4 


uOx: 

vo£ 


uj-t 

VO  £ 


VO 

►4 


-O 

< 


t-- 

►4 


< 


CO 

>4 


Ch 

4 


fe  fe 


/.s 


t 

O 

U 

0) 

■p 

■p 


(0 

§ 

Ih 

4J 

ItH 

° 

VO  V 
H  tin 

I 


OO 

CVI 
4- 

OO  o 

OO  2 


H 


rH  M 
d  4-> 


^1 

c; 

rH 

rH 

fH 

M 

r-H 

r4 

Vi 

•H 

•H 

P 

O 

o 

•H 

•H 

o 

o 

0 

0 

-C 

.n 

o 

O 

CJ 

CJ 

CJ 

CJ 

CJ 

o 

CJ 

CJ 

CJ 

a> 

s< 


I 

a> 


p 

a) 

■H 

a 

■H 

w  6 

U)  I 

O  w 


a 

o 

Vi 
p 
o  u 
^  a> 

^  w 


a> 

& 

a> 

t- 

o 

rH 

a> 

•p 

> 

cd 

a 

•H 

a> 

a 

<o‘^ 

tQ  I 
C0  rO 
rH  ^ 

o  w 


-4 

1  'A  CVJ 

Pli  4-  1 

W  r4  CVJ 

ro  m 
o  o 

C**- 

UfN  l/N  ts 

CM  CM 

o  o 

ir\  LO 

fSS 

(d 

•H 

■M 

9 

w 

> 

> 

>» 

OO 

CO 

CO 

OJ 

> 


a 

o 

u 

^  p 

a>  o 
^  a> 
p  H 
&  (P 


(Contiimed) 


&& 
t~  < 
lA  ITN 


CO 


m 

> 


a 

s 

o  o 
&  w 


4> 

8*^: 


«>  PI 

ra  ^ 

V)  I 
C5  W 


ro  ro 

O  O 

lA  lA  t* 


•3 

t 


>> 

CO 


-4- 

> 


a 

o 

u 

O  u 
^  4> 

&  w 


4h 

o 


to 

+3 

o 

a> 

Vi 

4h 

a> 


0) 

c 


I 

o 


a> 

5 


a 

g 

Vi 


»d 

0) 

n 

a; 

u 


a> 


0} 

Vi 


u 

a> 


•a 


Pi 

H 


O 

P5 


U6 


B 

•H 

e 

o 


Tl 


o 

Ti 


rS 

V> 

o 

0) 


H 

Cd 

Pi 

o 


M 

1 


S' 


o 


0) 

-§ 


u 

• 

$ 

CO 

0) 

r-i 

*H 

• 

U 

rH 

CO 

CO 

4  1 

O 

u 

•P 

0) 

t 

■P 

*H 

to 

a> 

n 

? 

• 

to 

H 

o 

l/N 

4^ 

a 

i* 

5 

• 

o 

3 

o 

a 

o 

a> 

0) 

Vi 

o 

u 

a 

rH 

o 

•H 

a> 

4-> 

rH 

• 

<0 

(d 

to 

a> 

o* 

•H 

4-> 

u 

> 

•rt 

a> 

u 

U 

a> 

g. 

s 

to 

V 

4-> 

Vi 

CO 

D) 

o 

o 

cd 

4-> 

od 

to 

04 

□ 

V 

a> 

m 

3 

o 

5 

O 

o 

• 

a 

to 

a* 

o 

to 

a> 

9^ 

a> 

<u 

to 

u 

-p 

a 

§ 

V 

f* 

o 

o 

a 

x: 

o 

o 

to 

o 

0^ 

OJ 


]l 


;]! 


:i 


I 


0) 

Vi 

0^ 

p 

bO 

P 

to 

•H 

§ 

O 

q 

to 

r 

a> 

3 

o 

i 

□ 

J3 

rH 

P4 

CO 

C^ 

w 

c^ 

JH 

•V 

I 

I 


«» 


the  assigned  value.  At  that  time  the  Telechrome  transmitter  had  a 
nuclear  radiation  exposure  of  3*7  x  10°  ergs/gm-(c)  and  1.0  x  10^^ 
n^/cm^  (Ref.  Pig.  l8).  After  3.9  hours  of  reactor  operation,  carrier 
frequency  was  100  Kc  lov;,  and  it  Vfas  decided  not  to  continue  to 
monitor  it  any  longer. 

Telechrome  power  output  was  stable  at  I.3  watts  just  prior  to 
reactor  start  up  with  no  significant  changes  for  4  hours,  when  power 
was  degraded  to  0.9  watts.  It  remained  perfectly  stable  at  this  value 
until  failure  occurred  after  I9  hours  and  a  nuclear  radiation  exposure 
of  2.0  X  10  ergs/gm-(c)  and  6.0  x  10l5  nf/cm2.  static  Irradiation 
continued  until  a  total  of  80.73  hours  of  reactor  operation  were 
accumulated^ which  was  equivalent  to  a  nuclear  radiation  exposure  of 
1.1  X  1011  orgs/gm-(c)  and  3.0  x  lolo  nf/cm2. 

A  post  Irradiation  evaluation  of  the  Telechrome  transmitter  was 
conducted  to  determine  the  reasons  for  the  failure  in  carrier  fre¬ 
quency  and  output  power.  Output  power  was  restored  to  the  pre- 
Irradia b j.jn  value  of  1.3  watts  by  adjusting  L3,  1^7,  und  l8  Inductor 
tuners.  Figure  15.  It  was  concluded  that  nuclear  radiation  Induced 
small  changes  in  resistors,  capacitors,  and  electron  tubes  which 
caused  power  failure.  This  conclusion  is  based  upon  the  fact  that  the 
bype  of  capacitors,  resistors  and  electron  tubes  listed  in  Table  8 
do  exhibit  characteristic  property  degradation  in  the  nuclear  radia¬ 
tion  exposure  region  where  transmitter  power  failure  occurred.  It 

was  beyond  the  scope  of  this  test  to  examine  in  detail  each  electronic 
element . 

All  attempts  to  restore  normal  carrier  frequency  in  the  oscilla¬ 
tor  circuit  failed.  The  quartz  crystal  used  to  control  the  oscillator 
circuit.  Figure  I5,  was  designed  to  operate  at  one-sixth  the  output 
carrier  frequency  of  230.4  Me  or  38.4233  He.  A  231.573  Me  carrier 
frequency  signal  was  detected  at  I.3  v/atts  output  pov;er.  This  repre¬ 
sents  a  /  0.45^  change  in  carrier  frequency  which  is  0.44^  larger 
bhan  IRIG  specifications  allov/.  An  attempt  to  check  the  resonant 
frequency  of  the  Telechrome  quartz  crystal  SP-l4ll4-l-2,  which  was 
specified  as  90  Kc  above  design  frequency  of  38.5I33  Me,  was  unsuc¬ 
cessful,  for  the  crystal  did  not  exhibit  any  resonant  conditions. 

Since  environmental  overheating  was  not  believed  to  be  a  factor  in 
the  test,  only  normal  random  failure  and  nuclear  radiation  damage 
could  account  for  this  behavior.  Subsequent  disassembly  of  the  HC- 
6/U  quartz  crystal  holder  v/as  accomplished  to  evaluate  the  physical 
condition  of  the  quartz  crystal,  plated  electrodes,  and  mounting.  The 
unit  was  a  silver  electrode,  unpolished  round  BT  cut  quartz  plate, 
vflre-mounted  in  a  metal  holder,  (HC-6AJ),  with  a  glass  base  utilizing 
a  Teflon  liner.  It  was  established  that  the  wire  holders  were  secure 
ly  attached  to  the  quartz  plate.  The  Teflon  seal  between  the  glass 
base  and  metal  container  was  completely  destroyed  by  nuclear  radiation; 
however,  it  was  not  possible  to  prove  that  humid  air  had  diluted  the 
dry  nitrogen  in  the  container.  MIL-C-3098C  requires  that  HC-6/U 
crystal  unit  with  glass  bases  be  filled  with  dry  nitrogen  at  atmos¬ 
pheric  pressure  and  sealed.  A  continuity  check  between  the  silver 
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plated  electrode  at  the  metal  holder  and  the  middle  of  the  crystal 
indicated  an  open  circuit.  This  condition  existed  for  electrodes  on 
both  sides  of  the  quarts  crystal.  Comparison  with  an  unirradiated 
quartz  crystal  of  the  same  type  revealed  that  the  silver  plating  on 
the  irradiated  sample  was  very  much  thinner  and  in  spots  almost  gone 
as  compared  to  the  unirradiated  quartz  crystal.  This  contrast  is 
illustrated  by  the  photomici'ograph.  Figures  I9  and  20,  which  are  I5QK 
magnifications  of  the  silvered  electrode  area  of  the  irradiated  and 
non-irradiated  quartz  crystals.  As  discussed  in  Reference  Ij this 
vanishing  of  the  silver  v/as  actually  an  agglomeration;  that  is^  the 
silver  film  actually  clustered  into  small  balls.  This  explains  the 
translucent  appearance  of  the  electrodes,  loss  of  conductivity,  and 
loss  of  characteristic  resonant  frequency.  Sufficient  nuclear  radia¬ 
tion  environment  testing  of  quartz  crystals  has  been  performed  to 
establish  the  fact  that  there  is  a  definite  relationship  between 
orientation  of  quartz  crystal  cut  and  nuclear  radiation  induced  fail¬ 
ure  rate.  Reference  2  and  3.  Bottom  and  Nowicki  (Ref.  2)  found  that 
AT  cut  quartz  crystal  plates  irradiated  to  saturation  v;ith  X-rays  v;ere 
little  affected.  BT  cut  quartz  crystal  plates  on  the  other  hand  v/ere 
appreciably  affected  by  the  same  radiation.  Confirmation  of  the  BT 
results  v/as  obtained  by  Frondel  (Ref.  3  and  4)  and  Johnson  and  Pease. 

It  was  concluded  that  the  Telechrome  transmitter  failure,  after 
1.6  hours  of  nuclear  radiation  exposure  to  3.7  x  10"  ergs/gm-(c)  and 
1.0  X  IQl^  nf/cm2,  due  to  quartz  crystal  frequency  shift  was  caused 
by  nuclear  radiation  induced  material  degradation. 


2.5.2  Bendlx  Model  TXV-I3  PH/FM  Telemetering  Ti^ansmltter 

This  transmitter  has  been  used  extensively  in  flight  test  pro¬ 
grams  for  military  aircraft.  It  has  a  minimum  one  point  eight  watt 
pov/er  rating  in  the  215  to  235  megacycle  band,  and  includes  a  quartz 
crystal  controlled  oscillator  operating  at  one-tv/enty-f ourth  of 
carrier  frequency  output  signal,  230.4  Mes,  driven  by  a  phase  modula¬ 
ted  circuit.  The  modulator  input  circuit  includes  an  Integrating 
circuit  to  compensate  for  multiplication  of  source  harmonic  distor¬ 
tion  resulting  from  differentiating  action  characteristic  of  uncom¬ 
pensated  phase  modulation.  The  integrating  circuit  is  effective  down 
to  a  modulating  frequency  of  5  Kc  which  provides  proper  balance  be- 
tv/een  adequate  deviation  sensitivity  at  higher  modulating  frequencies 
and  lov;  distortion.  Si;-;  subminiature  tubes  are  employed  in  the  trans¬ 
mitter  functioning  as  an  oscillator,  reactance  tube  modulator, 
quadrupler,  trlpler,  doubler  and  final  amplifier  to  produce  a  nominal 
2.0  watt  frequency  deviated  signal.  Cooling  is  achieved  by  a  heat 
sink  over  the  range  -55°C  to  /  100°C,  and  the  unit  features  a  high 
degree  of  stability  and  reliability  incorporated  in  a  submlnlature 
size  to  suit  military  operational  environments. 


The  Bendlx  TXV-I3  PM/FM  transmitter  is  made  up  of  the  follov/lne; 
stages: 


(a  ) 
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Modulator,  PM 


COMPLETE  VIEW  OF  SILVER  ELECTRODE 


ENLARGED  VIEW  OF  ELECTRODE 


FIGURE  19  IRRADIATED  TELECHROME  QUARTZ  CRYSTAL  #  SP-14114-1-2 

{HC-6/U) 
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SILVER 

ELECTRODE 


EVEN  DEPOSIT 
OP  SILVER 
OH  ELECTRODE 
AREA 


:RYSTAL  #  SP-14114-1-2 


(b)  Crystal  controlled  oscillator 

(c)  Frequency  amplifier,  quadrupler 

(d)  Frequency  amplifier,  trlpler 

(e)  Frequency  amplifier,  doubler 

(f)  R.  F.  Amplifier 

Its  function  in  the  overall  telemetering  system  is  Illustrated  in 
Figure  1. 

If  the  phase  of  the  current  in  the  oscillator  circuit  is  changed 
there  is  an  Instantaneous  frequency  change  during  the  time  that  the 
phase  is  being  shifted.  The  amount  of  frequency  change  or  deviation 
depends  on  how  rapidly  the  phase  shift  is  accomplished.  It  is  also 
dependent  upon  the  total  amount  of  the  phase  shift.  Amount  of  phase 
shift  is  proportional  to  the  instantaneous  amplitude  of  the  modulat¬ 
ing  signal.  The  rapidity  of  the  phase  shift  is  directly  proportional 
to  the  frequency  of  the  modulating  signal.  Consequently,  the  fre¬ 
quency  deviation  in  p.m.  is  proportional  to  the  frequency  and  ampli¬ 
tude  of  the  modulating  signal.  The  latter  represents  the  outstanding 
difference  between  p.m.  and  f.m.,  since  in  f.m.  the  frequency  devia¬ 
tion  is  proportional  only  to  the  amplitude  of  the  modulating  signal. 
Complete  specifications  for  the  transmitter  are  contained  in 
Appendix 

A  nuclear  radiation  effects  evaluation  of  the  Bendlx  transmitter 
was  performed  to  assess  what  modifications  were  feasible  to  extend 
its  operational  life  in  a  nuclear  radiation  ervlronment .  Materials 
and  components  replacement  modification  are  presented  in  Table  9. 

TABLE  9 

NUCLEAR  RADIATION  EFFECTS  MODIFICATION  OF  THE 
BENDIX  TRANSMITTER 


Original  Element 

Replacement  Element 

Electronic 

Element 

Material 

Description 

Nuclear 

Functional 

Threshold 

Material 

Description 

Nuclear 

Functional 

Threshold 

Electrical 

wire 

insulation 

Teflon 

1.0  X  loT 
ergs/gm-(c) 

Polyvinyl¬ 
chloride  with 
fiberglass 
sleeving 

2.0  X  10^0 
ergs/gm-(c) 

Crystal 

Holder 

Teflon 

1.0  X  10' 

ergs/gm-(C) 

Ceramic 

5  X  10^ i 
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TABLE  9  (Continued) 


1  Original  Element 

Replacement  Element 

Electronic 

Element 

Material 

Description 

Nuclear 

Functional 

Threshold 

Material 

Description 

Nuclear 

Functional 

Threshold 

Capacitor 

Paper  400  volts 
Sprague 

1.1  X  10® 

ergs/gm-(C) 

Mylar 

400  volts 
Goodall 

1.2  X  10^0 

ergs/gm-(C ) 

Resistors 

Carbon 
compos Itlon 
.5w,  500  volts 
Allen  Bradley 

2.0  X  lOlO 
ergs/gm-(C ) 

Deposited 

carbon 

.5w,500  volts 
IRC 

1.1  X  lOll 
ergs/gm-(C) 

Replacement  of  the  Teflon  crystal  holder  with  a  ceramic  type  was  the 
only  modification  which  was  different  from  SCO  and  Mixer  modifica¬ 
tion.  The  modified  Bendlx  transmitter  schematic  diagram  Is  shown  In 
Figure  21.  Electronic  element  Identification  numbers  which  appear  on 
the  schematic  diagram.  Figure  21,  are  Index  references  to  Table  lO. 

For  each  coded  element  appearing  In  Figure  21,  Table  10  gives  pertinent 
Information,  including  element,  value,  vendor,  type,  description  and 
brief  post  Irradiation  evaluation. 

After  modification  an  attempt  was  made  to  adjust  the  Bendlx  trans¬ 
mitter  for  normal  operation.  Nominal  R.  F.  output  power  of  2.0  watts 
was  never  attained  despite  exhaustive  testing.  A  1.7  watt  R.  F. 
power  output  was  achieved  at  one  time  but  It  was  highly  unstable  with 
an  uncontrollable  negative  drift.  Since  the  transmitter  functioned 
correctly  prior  to  modification,  apparently  a  combination  of  Incompat¬ 
ible  electronic  variables  was  Introduced.  Time  available  for  labora¬ 
tory  checkout  of  the  transmitter  before  the  nuclear  Irradiation 
prohibited  a  prolonged  circuit  analysis  ;  hence,  stable  output  R.  F. 
power  was  never  achieved.  Small  changes  In  oscillator  circuit  parame¬ 
ters  have  little  effect  on  quartz  crystal  control  of  oscillator 
frequency  j  therefore,  electronic  circuit  errors  Introduced  by  modifi¬ 
cation  did  not  affect  carrier  frequency  stability. 

Even  though  the  transmitter  power  problem  had  not  been  solved.  It 
was  decided  to  Include  It  In  the  nuclear  radiation  test  per  original 
plans.  Pre-lrradlatlon  base  line  data  was  taken  with  transmitter  In 
position  adjacent  to  the  reactor.  By  that  time  R.  F.  output  power  had 
decreased  to  0.75  watts  but  carrier  frequency  was  still  stable 
(Ref.  Pig.  22).  Output  power  continued  to  drop  after  reactor  start  up 
and  v;ent  to  zero  after  2.4  hours  of  reactor  operation,  which  was  equiva¬ 
lent  to  a  nuclear  radiation  exposure  of  8.0  x  108  ergs/gm-(c)  and  3  x 
10^^  nf/cm2  (Ref.  Fig.  23).  At  that  time  the  carrier  frequency  was 
stable, which  Indicated  that  the  oscillator  stage  and  frequency  multi¬ 
plier  stages  (Ref.  Fig.  21)  were  still  functioning.  Bendlx  transmit¬ 
ter  B+  kept  on  through  the  I'emalnder  of  the  Irradiation. 
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FIGURE  21  SCHEI-IATIC  DIAGRAM  FOR  THE  BENDIX  TXV 

(REFER  TO  TABLE  10  FOR 
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FIGURE  22  PM/FM  230  MC  TELEMETERING  TRANSMITTIiR  OUTPUT 
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After  failure  of  the  mixer  amplifier,  the  transmitter  merely 
transmitted  the  carrier  frequency.  The  irradiation  continued  for 
78.33  hours  after  output  power  failure  at  which  time  carrier  frequency 
had  changed  a  negative  2  Kcs.  Such  a  small  variation  indicated  that 
the  quartz  crystal  had  maintained  good  frequency  stability.  The  total 
nuclear  radiation  exposure  was  7*5  x  lOlO  ergs/gm-(C)  and  3.O  x  I0I6 
nf/cm^  (Ref.  Pig.  23). 

Post  Irradiation  evaluation  tests  were  conducted  dct^'r-rnlne 
reasons  for  Bendis.  transmitter  power  failure.  The  grid-plate  trrair- 
conductance  of  V6,  the  subminiature  glass  envelope  el^^ctron  tube 
#5703,  In  the  power  amplifier  stage  had  decreased  35^.  After  this 
tube  was  replaced,  all  efforts  to  restore  a  2.0  watt  output  signal 
proved  futile.  Adjustment  of  chokes  L2  through  L9,  Figure  21,  resul¬ 
ted  In  a  R.  P.  power  output  of  0.9  watts  which  would  go  to  zero  If 
further  choke  adjustment  was  attempted.  It  was  concluded  that  Initial 
low  output  power  Instability  and  eventual  failure  after  2.4  hours  of 
nuclear  reactor  exposure  was  caused  by  a  combination  of  Incompatible 
electronic  variables  introduced  by  the  nuclear  radiation  hardening 
modifications  listed  In  Table  9.'  Physically  larger  replacement 
resistors  and  capacitors  Increased  packing  density  to  a  critical 
value,  which  resulted  in  alight  changes  in  R.  P.  wiring  positions. 
Thus,  failure  of  output  R.  P.  power  cannot  be  related  to  the  interac¬ 
tion  of  nuclear  radiation  with  electronic  elements.  Interaction  of 
nuclear  radiation  exposure  of  7.5  x  10^0  ergs/gm-(c)  and  3.0  x  10I6 
nf/cm2  with  #5703  submlnlature  electron  tube  Vo  (Pig.  21)  contributed 
to  a  35^  reduction  in  its  plate-grid  transconductancr' . 

2 . 6  Cone luslons 

The  two,  216  to  260  Mes  band  PM/PM  and  PM/P'.!  crystal  controlled 
telemetering  transmitter  systems  were  radiation  hardened.  Irradiated, 
and  analyzed  In  order  to  relate  changes  in  electronic  parameters  v/lth 
nuclear  radiation  exposure.  Telemetering  component  modification, 
based  upon  nuclear  radiation  compatibility,  significantly  Increased 
the  limiting  nuclear  radiation  exposure.  The  limiting  nuclear  radia¬ 
tion  exposure  was  analytically  determined  for  the  unmodified  condition 
and  experimentally  established  for  the  modified  component,  and  those 
results  support  the  practicality  of  extending  the  nuclear  environment 
compatibility  of  existing  telemetering  systems. 

The  "limited  modification"  concept  of  this  investigation  did  not 
permit  complete  utilization  of  currently  available  electronic  elements 
vJhlch  could  have  extended  nuclear  environmental  capabilities.  Data 
generated  in  this  investigation  did  not  furnish  a  complete  solution 
to  the  problem  under  consideration,  but  it  did  establish  the  basis  for 
a  more  comprehensive  test.  Specific  recommendations  are  called  out  in 
the  discussion  of  each  telemetering  system  component  which  follows: 

2.6.1  Miniature  Subcarrier  Oscillator,  Vector  Type  S-8IB. 

’hr>  two  voltage  controlled  mini  . turn  aubcaiTter  oscillators 
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irradiated  were  identical  except  for  capacitors  Cl  and  C2  in  the 
multivibrator  stage  (Ref.  Pig.  5  and  6),  which  established  the  SCO 
output  frequencies  of  10.5  and  l4.5  Kc,  respectively.  Based  on  the 
radiation  effects  analysis  ofthe  unmodified  SCO,  a  limiting  nuclear 
radiation  exposure  potential  of  1.0  x  10'  ergs/gm-(c)  and  1.0  x  lolo 
nf/cm2  was  established.  Teflon  insulated  electrical  wire  and  sub- 
miniature  glass  envelope  electron  tubes  number  6lll  were  the  limiting 
gamma  and  neutron  sensitive  electronic  elements,  respectively .  Nuclear 
radiation  teat  results  of  the  modified  SCO's  indicated  that  the  limit¬ 
ing  nuclear  radiation  exposure  had  been  increased  to  1.3  x  109  ergs/gm- 
(C ),  based  on  deposited  carbon  resistor  failure  (Ref.  R3  and  R7  Pig.  6) 
and  greater  than  3.0  x  lO^o  nf/cm^, which  reflects  the  fact  that  no 
predominant  neutron  sensitive  electronic  elements  failed  during  the 
irradiation.  Modification  of  the  SCO's  increased  the  packing  density 
beyond  a  desirable  limit  and  resulted  in  a  reduced  heat  dissipation 
factor . 

A  logical  extension  of  the  study  of  the  SCO  would  include  bread¬ 
board  circuits  to  eliminate  overheating,  extended  radiation  oriented 
modifications,  calibration  of  electronic  elements,  unpotted  filter, 
larger  number  of  circuit  monitoring  points,  and  extensive  post 
irradiation  testing. 

2.6.2  Miniature  Mixer  Amplifier,  Vector  Type  A-80 

Observation  of  the  modified  mixer  amplifier's  performance  was 
prematurely  discontinued  during  the  irradiation  because  of  SCO  failure; 
therefore,  failures  detected  during  the  post  irradiation  test  could 
not  be  identified  with  a  particular  nuclear  radiation  exposure.  The 
unmodified  mixer  had  a  limiting  nuclear  radiation  exposure  potential 
of  1.0  X  107  erg3/gm-(c)  and  1.0  x  lO^o  nf/cm^.  Teflon  insulated 
electrical  wire  and  subminiature  glass  envelope  electron  tube  number 
6111  were  the  limiting  gamma  and  neutron  sensitive  electronic  elements, 
respectively.  Post  irradiation  tests  revealed  thattheonly  failure 
was  the  VI  electron  tube  (Ref.  Pig.  13).  Since  this  tube  was  one 
out  of  nine  number  6lll  electron  tubes  included  in  the  test,  its  fail¬ 
ure  was  probably  a  consequence  of  random  failure  attributed  to  non¬ 
nuclear  causes.  On  this  basis  then  the  mixer  amplifier's  limiting 
nuclear  radiation  exposure  would  be  in  excess  of  the  total  irradiation 
exposure  of  7.9  x  lOlO  ergs/gm-(c)  and  2.8  x  lO^o  nf/cm^  (Ref.  Pig. 11). 
As  in  the  case  of  the  SCO's,  modification  of  the  mixer  amplifier  pro¬ 
duced  an  undesirable  decrease  in  heat  dissipation. 

A  logical  extension  of  this  test  to  completely  define  the  maxi¬ 
mum  limiting  nuclear  radlatlcjn  of  the  mixer  amplifier  would  include  the 
same  things  outlined  for  the  SCO  with  the  addition  of  eliminating  the 
dependence  of  the  mixer  amplifier  on  the  SCO  output  signal. 

2.6.3  Telechrome  Model  1472-A  FM/FM  Submlnlature  Telemetering 
Transmitter 


The  unmodified  transmitter  had  a  limiting  nuclear  radiation 


exposure  of  1.0  x  107  ergs/gm-(c)  and  1.0  x  10^^  nf/cm^.  Teflon 
electrical  wire  Insulation  and  number  3OI  silicon  diode  were  the 
limiting  gamma  and  neutron  sensitive  electronic  components.  Modifica¬ 
tion  of  the  transmitter  Increased  the  limiting  nuclear  radiation 
exposure  to  3.7  ergs/gm-(c)  and  1.0  x  lOl^  nf/cm2  which  was  the 

failure  dose  of  the  Telechrome  SP-l4ll4-l-2  quartz  crystal  (Ref.  Fig. 
°i’o  occurred  at  a  higher  nuclear  radiation  exposure 

of  10  ergs/gm-(c)  and  6.0  x  I0I6  n^/cm^^  v/hlch  was  attributed 

to  small  nuclear  radiation  Induced  changes  In  resistors,  capacitors 
and  electron  tubes;  however,  none  of  these  components  actually  com-^ 
pletely  failed.  Limited  time  and  scope  of  test  prevented  substltu- 
^  radiation  tolerant  crystal  unit.  This  substitution 

14  to  those  listed  In  Table  7  would  have  Inereased  the  ■ 

X  10l5"nf%m2^^^  radiation  exposui-e  to  2.0  x  lOlO  ergs/gm-(c)  and  6.0 

2.6.4  Bendlx  Model  TXV-I3  PM/FM  Telemetering  Transmitter 


Bendlx  transmitter  (Ref.  Table  9  )  Introduced 
power  Instability  that  was  not  solved  prior  to  testing' 
tout  nowni-  gaiii.r-rv  prematurely  after  ^ 


Modification  of  the 
an  output  R.  F 

consequently,  output  power  failure  occurred  _ _ _ 

nuclear  radiation  exposure  of  8.0  x  I08  ergs/gm- (C)^ and 

carrier  frequency  was  monitored  throughout  the  Irradiation 

exposJ^rwis''?  occurring.  The  total,  nuclear  radiation 

exposure  was  7.5  ■.  lO-io  orgs/gm-(c)  and  3.0  lolo  nf/cm2. 

A  logical  extension  of  this  test  would  be  to  repeat  the  test  us¬ 
ing  100  watt  PM/FM  and  FM/FM  transmitters  operating  In  the  1435  to 
1535  Mcs  band  with  Increased  emphasis  on  more  extensive  radiation 
hardening,  establishing  reliable  operation  prior  to  irradiation,  use 

external  ac  voltage  modulation  source  and  extensive  post  Irradi¬ 
ation  testing.  The  100  watt,  1435  to  1535  Mcs  PM/FM  and  FM/FM  tele- 

suggested  for  It  Is  anticipated  for  future  use 
In  flight  test  vehicles  utilizing  nuclear  energy  propulsion  systems. 


4.n  addition  to  radiation-hardening  the  telemetry  ouo- 
systcm,  an  experimental  investigation  should  be  made  of  the  problems 
associated  v;lth  propagating  an  oloctromagnetlc  signal  through  the 
Ionized  medium  surrounding  a  nuclear  powered  vehicle. 
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III. 


TRANSDUCERS 


3 . 1  Introduction 


Ten  representative  transducers  were  utilized  as  variable  voltage 
Inputs  to  the  telemetry  system^ as  shown  In  Figure  1.  They  were 
dynamically  Irradiated  In  the  3  Mw  Ground  Test  Reactor  for  80,7  hours 
(237  Mw  hrs .  )  as  part  of  the  telemetry  system.  The  transducers  were 
of  the  pressure  and  angular  displacement  type  utilizing  the  potenti¬ 
ometer  principle.  Table  11  lists  the  Irradiated  transducers. 

TABLE  11 

IRRADIATED  POTENTIOMETER  TYPE  TRANSDUCERS 


Description 

Vendor 

Model 

Serial 

No. 

0  to  15  PSIG 

Pressure 

1 

Transducer 

Glannlnl 

451224-0-1.5-95 

38 

0  to  30  PSIG 

tt 

II 

j 

It 

451218 

323^ 

0  to  1500  PSIG 

tt 

II 

't 

461197 

1421 

0  to  4000  PS ID 

ri 

II 

II 

46155-H-D 

3644 

0  to  150  PSIA 

II 

II 

Trans-Sonic 

2115 

11 

1 

0  to  4000  PS ID 

If 

II 

Bourns 

70624 

2421 

Double  Angular 

Position 

Transducer 

Marklte 

3108 

- 

Double  Angular 

Position 

Transducer 

Fairchild 

747E 

• 

The  potentiometer  type  transducer,  as  utilized  In  this  Investi¬ 
gation,  Is  defined  as  a  sensor  employing  a  resistance  voltage  divider 
to  convert  the  Input  mechanical  stimulus,  either  an  applied  pressure 
or  rotary  motion.  Into  a  variable  voltage.  Changes  In  the  measurand 
result  directly  or  Indirectly  In  a  change  In  the  position  of  the 
potentiometer's  slider,  and  If  the  potentiometer  Is  supplied  with 
constant  direct  current,  result  In  a  change  In  the  amplitude  of  the 
output  voltage.  The  potentiometer  windings  In  most  cases  consist  of 
a  tightly  wound  coll  of  very  fine  wire. 

All  pressure  transducers  were  mounted  on  the  rear  of  the  test 
pallet  In  a  plane  perpendicular  to  and  approximately  30  Inches  from 
the  east  face  of  the  reactor  closet.  The  general  location  of  the 
pressure  transducers  Is  shown  In  Figure  24.  Two  ganged  angular  posi¬ 
tion  transducers  were  positioned  In  the  center  of  the  pallet  above  the 
servo  actuator  output  arm,  as  shown  In  Figure  25,  and  parallel  to  the 
east  face  of  the  reactor  closet.  The  actuator  output  arm  was  used  to 
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drive  the  angular  position  potentiometers  through  the  cable  pulley 
arrangement  (Ref.  Pig.  25). 

3 . 2  0  to  15  PSIG  Pressure  Transducer,  Glannlnl  Model  45122^1-0-1.5-95 

The  Model  451224  pressure  transducer  contains  a  pressure  respon¬ 
sive  capsule  which  actuates  a  precision  potentiometer  providing  an  out¬ 
put  linear  with  applied  pressure  from  0  to  15  pslg.  The  transducer  Is 
hermetically  sealed  and  is  designed  to  withstand  severe  vibration. 
Complete  specifications  for  this  transducer  are  given  In  Appendix  B5. 
Glannlnl  modified  the  transducer  for  maximum  radiation  tolerance  by 
replacing  all  organic  electric  wire  Insulation  with  a  ceramic 
Insulation . 

This  transducer  was  damaged  as  a  result  of  accidental  over- 
pressuring  during  the  course  of  the  Irradla tlon,  which  resulted  In  a 
permanent  deformation  of  the  pressure  responsive  capsule.  Figure  26 
Is  the  pre- and  post  calibration  curves  for  the  transducer  showing  the 
results  of  overpressuring  the  transducer.  The  nuclear  radiation 
exposure  Is  presented  In  Figure  27. 

Post  Irradiation  disassembly  did  not  reveal  any  apparent  nuclear 
radiation  Induced  damage.  The  very  nature  of  the  hardened  pressure 
transducer  and  the  fact  that  the  nuclear  radiation  exposure  was  below 
the  threshold  for  metals  damage  precluded  any  such  damage. 

3 . 3  0  to  30  PSIG  Pressure  Transducer^  Glannlnl  Model  451218 

The  Model  451218  pressure  transducer  contains  a  pressure  sensi¬ 
tive  NI-SPAN  C  capsule  which  actuates  the  brush  of  a  precision  potenti¬ 
ometer  through  a  low  friction  multiplication  mechanism.  .Moble  metal 
alloys  are  used  for  both  windings  and  brushes.  This  permits  low  brush 
press^e  resulting  in  low  noise.  Linearity  of  the  Instrument  Is  better 
than  t  1.5?^  of  full  scale  and  repeatability  and  hysterlsls  errors  are 
less  than  1.0$^.  Complete  specif Icatlonp  for  the  transducer  are  given 
In  Appendix  b6.  Glannlnl  modified  the  transducer  for  maximum  radia¬ 
tion  tolerance  by  replacing  all  organic  electrical  wire  Insulation 
with  a  ceramic  Insulation. 

The  transducer  was  Irradiated  for  a  total  of  80.7  hours  (237  Mw 
hours)  and  received  a  nuclear  radiation  exposure  of  2.9  x  lOlO 
ergs/gm-(C)  and  7.2  x  1015  nf/cm2  (Ref.  Fig.  27).  The  output  varied 
less  than  /  1:^  during  the  first  49  hours  of  the  Irradiation  (a  nuclear 
radiation  exposure  of  1.7  x  lOlO  ergs/gm-(c)  and  3.3  x  1015  nf/cm^). 

At  that  time  the  signal  v/as  lost  due  to  Instrumentation  failure. 

Post  Irradiation  calibration  (Fig.  28)  revepled  that  wiper 
movement  was  zero  over  the  pressure  range  of  the  transducer.  This 
failure  occurred  after  the  loss  of  Instrumentation^  and  hence  there  Is 
no  record  of  the  exact  time.  Post  Irradiation  disassembly  and  test 
Indicated  that  the  brush  actuation  mechanism  was  not  binding,  that 
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o  10  20  30  40  50  6o  70  8o  90  ioo 
POTENTIOMETER  OUTPUT  (?5) 


FIGURE  26  CALIBRATION  CURATES  FOR  THE  0  TO  15  PSIG 
GIANNINI  PRESSURE  TRANSDUCER  MODEL  451224 
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POTENTIOMETER  OUTPUT  (;;) 


FIGURE  28  CALIBRATION  CURVES  FOR  THE  0  TO  30  PSIG 
GIANNINI ’PRESSURE  TRANSDUCERS  MODEL  451218 
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wiper  movement  could  be  Initiated  and  there  was  continuity  between 
wiper  and  coil  for  all  positions.  It  was  concluded  that  there  was 
no  basis  for  radiation  damage^  and  hence  failure  was  attributed  to 
normal  random  failure  of  an  unknown  origin, 

3.^  0  to  1500  PSIG  Pressure  Transducer,  Giannini  Model  46119Y 

Giannini  Model  46119Y  Bourdon  type  pressure  transducer  was  de¬ 
signed  to  accurately  translate  pressure  into  convenient  electrical 
signals  that  are  directly  proportional  to  the  applied  pressure. 

Noble  metals  were  used  for  potentiometer  coils  and  brushes.  The 
pressure  sensing  element,  a  1.8  Inch  nominal  diameter  berylium  copper 
or  NI-SPAN  C  Bourdon  tube, employed  a  center  suspension  that  permitted 
the  use  of  direct  coupling  arrangement  between  the  tube  and  the 
potentlomenter  element.  The  design  provided  movement  amplification, 
without  the  use  of  gearing  or  linkage  of  any  kind.  The  instrument 
used  in  the  irradiation  was  a  standard  off-the-shelf  model.  Complete 
specifications  for  the  transducer  are  given  in  Appendix  B7. 

The  transducer  was  Irradiated  for  a  total  of  80.7  hours  (237  mw 
hours)  and  received  a  nuclear  radiation  exposure  of  2.3  x  lO^O 
ergs/gm-(C)  and  6  7  x  10^5  nf/cm2  (Ref.  Pig.  29).  Its  output  versus 
Input  never  varied  more  than  1.855^  during  the  first  49  hours  of  irradl- 
atlon,  at  which  time  the  output  signal  was  lost  due  to  Instrumenta- 
4  ^4  Comparison  of  the  pre- or  post  irradiation  curves 

indicated  that  the  pressure  transducer  had  not  changed  (Ref.  Fig.  30) 
as  a  result  of  the  irradiation.  &  v  &  o  ^ 

3 • 5  0  to  4000  PSID  Pressure  Transducer,  Giannini  Model  46155-H-D 

The  pressure  transducer  consists  of  a  pressure  responsive 
Bourdon  tube  which  actuates  a  precision  potentiometer.  It  Is  oil 
filled  with  DC  510  silicone  fluid  to  Increase  Its  ability  to  with¬ 
stand  severe  vibration.  Complete  specifications  are  contained  In 

Appendix  Bb.  The  pressure  transducer  was  not  modified  before  It  was 
Irradiated . 

The  transducer  was  irradiated  for  a  total  of  80.7  hours  (237  Mw 
hours)  and  received  a  nuclear  radiation  exposure  of  2.4  x  lOlO 
erg3/gm-(c)  and  5.1  x  10l5  nf/cm^  (Ref.  Fig.  31).  After  29  hours  of 
Irradiation  the  response  of  the  pressure  transducer  degraded  ^  and 
continued  to  degrade  until  an  Instrumentation  failure  terminated  the 
transducer  output  signal.  The  nuclear  radiation  exposure  for  the 
pressure  transducer  after  29  hours  of  Irradiation  was  8.5  x  lo9 
ergs/p;Tn  (C)  and  1.8  x  10^5  which  represents  a  failure  dose 

of  the  transducer.  Post  irradiation  calibration  revaaled  that 
there  was  no  particular  relationship  between  pressure  and  the  output 

A  disassembly  of  the  pressure  transducer 
4^V4  silicone  fluid  had  formed  a  solid  mass  and 

movement  of  the  wiper  assembly.  DC  550  has  a 
significant  viscosity  Increase  after  a  nuclear  radiation  exposure  of 
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FIGURE  29  OTCLEAR  RADIATION  EXPOSURE  OF  O  TO  1500  PS  IQ  QIANNINI  Af.T)  0  to  150  PSIA  PRESSURE  TRANSDUCERS 
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POTENTIOMETER  OUTPUT  [fo) 


p-'IGURE  R2  CALIBRATION  CURVIsS  FOR  THE  0  TO  AOOO  PSID 
GIANNINI  PRESSURE  TRANSDUCER  MODEL 


3.0  X  109  ergs/gtn- (c ),  which  would  result  In  the  variations  in  transdu¬ 
cer  response  evidenced  after  29  hours  of  Irradiation. 

3 • 6  0  to  150  PSIA  Pressure  Transducer,  Trans-Sonic  Model  2115 

An  off-the-shelf  0  to  I50  psla  Trans-Sonic  pressure  transducer 
was  Irradiated  for  a  total  of  8O.7  hours  (237  Mw  hours)  and  received 
a  nuclear  radiation  exposure  of  2.3  x  10l<J  crgs/gni-(c)  and  6.7  x 
IOI5  nf/cm*^.  During  the  test  a  maximum  of  6.5r^  output  error  occurred; 
but  post  Irradiation  calibration  was  Identical  with  the  pre- 
Irradlatlon  calibration  values.  Post  Irradiation  disassembly  did  not 
reveal  any  visible  nuclear  radiation  Induced  degradation  of  the 
transducer. 

3.7  0  to  4000  PSID  Pressure  Transducer^  Bourns  Model  2421 

An  off-the-shelf  0  to  ^000  paid  Bourns  Model  2^*21  pressure 
transducer  was  Irradiated  for  a  total  of  80.7  hours  (237  Mw  hours) 
and  received  a  nuclear  radiation  exposure  of  2.1  x  10l0erg8/gm-(C ) 
and  5.4  x  lO^P  nf/cm^.  During  the  Irradiation  the  output  signal  error 
was  a  maximum  of  2.5$^  and  post  Irradiation  calibration  agreed  with 
the  pre-lrradlatlon  calibration.  Post  Irradiation  disassembly  did 
not  reveal  any  visible  nuclear  radiation  induced  degradation  of  the 
transducer. 

3 . 8  Double  Angular  Position  Transducer,  Marklte  Model  3108 

An  unmodified  Marklte  Model  3108  ganged  angular  position  trans¬ 
ducer  was  Irradiated  for  80.7  hours  (237  Mv/  hours)  for  a  total  nuclear 
radiation  exposure  of  3.I  x  lOlO  ergs/gm-(c)  and  7.6  x  10l5  nf/cm2. 

It  was  actuated  continuously  throughout  the  Irradiation  by  the  servo 
actuator  output  arm  through  a  pulley  and  cable  mechanism  (Ref.  Pig. 
25).  The  transducer  output  voltage  was  monitored  until  an  Instrumenta¬ 
tion  failure  terminated  the  signal  after  29  hours  of  Irradiation. 

At  that  time  the  transducer  v/as  functioning  correctly.  A  post 
Irradiation  continuity  check  of  the  transducer  revealed  that  It  had 
failed  sometime  after  Instrumentation  failure.  Failure  was  attributed 
to  electrical  wire  Insulation  breakdown  resulting  from  nuclear 
radiation  damage. 

3.9  Double  Angular  Position  Transducer,  Fairchild  Model  747E 

A  unmodified  Fairchild  Model  747E  ganged  angular  position  trans¬ 
ducer  was  Irradiated  for  80.7  hours  (237  hours)  for  a  total  nuclear 
radiation  exposure  of  3.I  x  lO^O  ergs/gm-(C)  and  7.6  x  10^5  nf/cm2. 

It  was  actuated  continuously  throughout  the ’ Irradiation  by  the- servo 
actuator  output  arm  through  a  pulley  and  cable  mechanism  (Ref.  Fig. 
25).  The  transducer  output  voltage  was  monitored  until  a  Instrumenta¬ 
tion  failure  terminated  the  signal  after  29  hour  of  Irradiation.  At 
that  time  the  transducer  was  functioning  correctly.  A  post 
Irradiation  continuity  check  of  the  transducer  revealed  that  It  had 
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failed  sometime  after  instrumentation  failure.  Failure  was  attribu¬ 
ted  to  electrical  wire  insulation  breakdown  resulting  from  nuclear 
radiation  damage. 

3.10  Conclusions 

A  summary  of  the  transducer  irradiation  is  contained  in  Table 

12. 
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IV.  ELECTRON  MULTIPLIER  PHOTOTUBES 


^.1  Introduction 

An  electron  multiplier  phototube  utilizes  the  phenomenon  of 

e;nl3slon  to  amplify  signals  composed  of  election  sSreims. 
process  begins  when  light  photons  impinge  on  the  cath- 
^e  liberating  electrons  by  the  mechanics  of  photoelectron  emission, 
^ese  photoelectrons  are  multiplied  in  successive  dynode  stages  bv 
the  process  of  secondary  emission.  These  basic  principles  of  operation 
indicates  that  the  photomultiplier  tube  should  be  sensitive  to  e-amma 

sP^lfloally  the  Inherent  dar^Jurrent  S 
tube  should  be  related  to  gamma  photon  dose  rate. 

A  very  small  dark  current  (  anode  current)  is  observed  when 
voltage  is  applied  to  the  electrodes  of  the  photomultiplier  tube 
affe^°anH^a^  darkness.  This  current  has  a  component  caused  by  a  leak- 
age,  and  a  component  consisting  of  pulses  produced  by  electrons 
thermlonlcally  released  from  the  cathode,  by  secondary  elections 
released  by  ionic  bombardment  of  the  dynodes  or  cathode,  or^y  lold 
emission  from  the  electrodes.  The  magnitude  of  the  dark  currLr 

cannot  be"de?ec Jed!  exciting  radiation  on  the  cathode 

^.2  Irradiation  Procedure 

two  0^00^6202^^1  spectrum  photomultiplier  tubes  and 

Stage,  S-11  spectrum  photomultiplier  tubes  were 
irradiated  by  v^hance  Vought  in  General  Dynamics  3000  curies  Co^O 
gamma  source  on  October  1,  I961.  The  testing  apparatus  employed  for 

Figures  34,  35,  and  36.  The  pErpose  of 
this  experiment  was  to  investigate  the  sensitivity  of  the  photo- 

radiation  while  in  the  presence  of  nuclear 
radiation.  This  was  accomplished  by  exposing  the  tubes  to  a  GE  313 
tungsten  lamp  operated  at  various  currents  before,  during  and  after 
exposure  to  gamma  photon  dose  rates  listed  below: 


Position 

Center  of  Volume 

^  Variation  at  Edge  of  8"  Cell 

1 

7 

2.2  X  10  ergs/gm-(C )hr 

10^ 

2 

1.7  X  10^  ergs/gm-(c  )hr 

105^ 

Til!  photomultipliers  were  mounted  on  a  common  base  lnsld< 
T  aluminum  cylinder  8  Inches  long.  The  light  source  was 
located  on  ^he  base  between  the  photomultipliers  so  that  the 
would  be  diffused  by  reflection  inside  the  aluminum  cylinder 


a 

centrally 

light 

before 
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34 


FIGURE  36  MULTIPLIER  PHOTOTUBE  TEST  FIXTURE  WITH 
TOP  AND  BOTTOM  REMOVED 


contact  with  the  photomultiplier  cathodes  (Ref.  Figures  34.  35.  36) 
Voltage  divider  circuits  were  located  underneath  the  base  of  the 

cylinder.  The  wiring  diagrams  for  the 
DuMont  6292  multiplier  phototubes  are  shown  in  Figures 
37  and  38,  respectively. 

T-  ,  Prior  to  gamma  photon  exposure,  stable  tube  operation  was  estab- 
^  reference  for  testing.  The  masking  effect  which 

the  ga^a  photon  dose  rate  produced  on  the  dark  current  was  then 
evaluated.  Tube  characteristics  were  determined  by  plotting  anode 
current  versus  voltage  (O  to  150)  for  constant  light  fluxes.  The  same 
procedure  was  repeated  with  the  photomultipliers  in  two  different 
gamma  photon  dose  rates.  A  post  gamma  photon  exposure  test  was  ex- 

repeating  the  same  procedure,  for  the  purpose  of  establishing 
the  extent,  if  any,  of  permanent  damage  in  photomultipliers. 

4.3  Results 

nr  g^a  dose  rate  on  the  dark  current  of  both  types 

of  photomultiplier  phototubes  is  shown  in  Figures  39  and  40.  Even 
at  the  higher  g^a  dose  rate  the  phototubes  were  able  to  sense  the 
presence  of  light  radiation  for  certain  light  fluxes.  From  the  curves 
of  Figures  39  ^d  40,  and  the  fact  that  in  most  Instances  gamma  dos^ 
exceed  three  orders  of  magnitude  higher  than  those 
used,  it  can  be  concluded  that  certain  light  fluxes  could  be  sensed 
even  in  the  presence  of  nuclear  radiation. 
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FIGURE  37  WIRING  DIAGRAM  FOR  THE  RCA  5819  MULTIPLIER  PHOTOTUBE 
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Pre!  ahdhPoBi:  iiyradlation: 


LIGHT  INTENSITY  (ma) 


FIGURE  40  RESPONSE  OF  DUMONT  6292  MULTIPLIER  PHOTOTUBE 

1 
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V.  EXPERIMENTAL  XEROGRAPHIC  PLATE  EVALUATION 
5 .1  Introduction 

The  Image  Storage,  Translation,  and  Reproduction  System  (ISTAR) 

Is  a  phototransmission  technique  for  communicating  Image  Information 
from  a  reconnalssa.nce  vehicle  to  a  remote  Intelligence  center.  Its 
basic  concept  Is  the  conversion  of  energy  in  the  visible  spectrum  Into 
an  electrostatic  Image.  This  conversion  Is  realized  In  the  conversion 
of  light  quanta  into  photoelectrons  In  a  thin  film  of  selenium. 

Selenium  Is  a  photosensitive  material  which  has  a  high  resistivity 
capable  of  sustaining  a  static  electric  charge  In  the  absence  of  visi¬ 
ble  light,  and  capable  of  becoming  conductive  In  the  presence  of  visible 
light.  The  procedure  consists  of  applying  a  uniform  positive  charge 
on  the  surface  of  the  selenium  plate  In  a  dark  environment;  then  sub¬ 
sequent  radiant  energy  from  a  light  source  Incident  on  the  plate  caus¬ 
es  the  selenium  to  become  conductive,  and  the  uniform  positive  charge 
discharges  through  the  selenium,  proportional  to  the  amount  of  Inci¬ 
dent  light  energy.  The  remaining  original  electrostatic  charge,  not 
dissipated  by  the  incident  light  energy,  remains  on  the  selenium  plate 
for  a  prolonged  period,  for  the  lateral  leakage  of  the  charge  Is  ex¬ 
tremely  small.  A  scanning  system  converts  the  charged  pattern  Into  a 
time-analog  electrical  signal  suitable  for  transmission. 

The  purpose  of  this  Investigation  v;as  to  determine  If  low  fluxes 
of  gamma  ray  photons  and  neutrons  Induced  detectable  gross  changes  In 
the  dark  resistive  properties  of  a  selenium  film. 

5 .2  Testing 

The  test  apparatus  for  evaluating  the  effects  of  nuclear  radiation 
on  the  dark  resistivity  of  a  selenium  film  Is  sho\<m  In  Figures  ^1  and 
42.  It  consists  of  a  2.5  Inch  square  by  3  inch  long  phenolic  block 
(Ref.  Fig.  4l)  built  In  three  sections  v:hlch  consisted  of  a  light 
window  with  a  removeable  cap,  a  xerographic  plate  and  electric  charging 
section  (middle),  and  an  electric  connector  recess  with  a  removable 
cover  (Ref.  Fig.  42).  A  50  micron  thick  amorphous  selenium  film  Identi¬ 
cal  to  the  photosensitive  material  used  In  commercial  xerox  films,  1.5 
Inches  square  deposited  on  an  aluminum  plate  comprised  the  photosensi¬ 
tive  plate  called  out  In  Figure  42.  A  loop,  3  mil  mylar  with  a  gold 

^  few  angstroms  thick,  placed  above  the  selenium  plate  and  bear¬ 
ing  on  a  gold  and  mylar  strip  which  contacts  the  selenium  was  used  to 
chaige  the  system.  A  detail  cross  section  of  Figure  43  shows  those 
features  Just  described. 

The  procedure  for  evaluating  the  dark  resistivity  of  the  selenium 
film  consisted  of  charging  the  capacitance  system  shoivn  In  Figure  43 
with  approximately  850  volts,  with  the  light  window  open.  A  positive 
charge  v/as  thus  stored  on  the  selenium  surface  In  contact  v/lth  the  gold 
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ICUHS  PARTIAL  DISASSEMBLY  OF  XEROGRAPHIC  PLATE  APPARATU: 


FIGURE  43  WIRING  DIAGRAM  OP  XEROGRAPHIC  PLATE  TEST  APPARATUS 
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IGURE  RESPONSE  OF  EXPERIMENTAL  XEROGRAPHIC  PLATE 


film  on  mylar  strip  as  designated  In  Figure  43.  The  potential  be¬ 
tween  the  aluminum  plate  (based  of  selenium)  and  the  gold  film  In 
contact  with  the  selenium  surface  was  then  monitored  with  the  light 
window  closed.  Decay  of  potential  versus  time  between  the  gold  and 
aluminum,  separated  by  the  50  micron  film  of  selenium,  served  as  a 
relative  measure  of  the  dark  resistivity  property  of  the  selenium. 

This  same  procedure  was  repeated  after  charging  and,  before  starting 
to  measure  voltage,  the  system  was  exposed  to  a  gamma  photon  or  a 
gamma  photon  plus  neutron  environment  for  a  finite  time.  The  nuclear 
radiation  environment  was  achieved  by  placing  the  test  fixture  ad¬ 
jacent  to  General  Dynamics-Fort  Worth  3  megawatt  reactor  using  a 
pneumatic  access  tube  arrangement.  Exposure  was  conducted  with  the 
reactor  at  0  and  1.95  Kw  power  levels.  At  0  Kw  reactor  power  level  a 
residual  gamma  dose  rate  of  1.6  x  lOT  ergs/gm-(C)  hr  existed  In  the 
test  position.  With  the  reactor  at  1.95  Kw  reactor  power  the  test 
position  dose  rate  was  2.1  x  107  ergs/gm-(C)  hr  and  1.1  x  10°  n/cm^- 
sec.  Qualitatively,  the  modes  of  nuclear  radiation  Interaction  with 
selenium  consist  of: 

(a)  Gamma  Photons 

!l)  photoelectric  effect 
2)  Compton  scattering 
3)  pair  production 

(b)  Neutrons 

(1)  (n, V  )  reaction  (thermal  cross  section  =  11.8b) 

(2)  scattering 

Resulting  detectable  gross  effects  of  the  Interactions  described  above 
on  the  resistivity  of  selenium  depend  upon  energy  spectrum  of  the 
gamma  photons  and  neutrons,  geometry  of  test,  sensitivity  of  measure- 
ments,  and  other  undetermined  factors.  Analytical  predictions  of  these 
affects  Is  beyond  the  state  of  the  art  at  this  time  and  hence  experi¬ 
mental  determinations  are  required. 

5.3  Results 

There  were  no  distinguishable  differences  In  dark  resistivity  of 
the  selenl^  film  when  the  nuclear  radiation  environment  of  2.1  x  107 
ergs/^-(C)  hr  and  1.1  x  10°  nf/cm^-sec  was  Introduced.  Variations 
In  potential  difference  as  a  function  of  time  are  considered  to  be 
smaller  than  expected  repeatability  variations.  It  was  concluded  that 
the  nuclear  reactions  occurring  on  the  atomic  level  were  so  few  In 
number;  due  to  extremely  small  selenium  sample,  small  flux  values,  and 
ener^  spectrum  distribution  of  nuclear  particles  and  energy;  that 
the  testing  apparatus  was  Insensitive  to  the  gross  resistivity  chcingeo 
which  existed.  ® 
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VI. 


SUMMARY 


Conclusions  pertinent  to  each  component  treated  in  this  report 
are  included  in  their  respective  sections,  A  list  of  all  equipment 
irradiated,  with  a  page  index, is  listed  in  Table  13.  a  brief  sum¬ 
mary  of  nuclear  radiation  exposure  and  results  is  presented  in  Table 
l4.  In  general, this  irradiation  demonstrated  that  presently  avail¬ 
able  telemetry  equipment  can  be  radiation  hai  ienec^  with  only  minor 
modifications,  to  substantially  extend  successful  operation  time  in 
a  nuclear  radiation  environment.  More  detailed  material  substitution 
and  simple  circuit  redesign  are  clearly  Indicated  as  possible  means 
of  further  extending  operation  of  the  telemetry  system  Into  a  more 
severe  nuclear  radiation  environment.  Transmitter  carrier  frequency 
instability  resulting  from  nuclear  degradation  of  the  quartz  crystal 
controlled  oscillator  stage  points  out  the  need  for  additional 
analysis  of  typical  oscillator  circuit  parameters  to  define: 

(a)  Quantitatively,  to  what  degree  are  the  Individual  active 
and  passive  circuit  elements  altered  due  to  nuclear 
degradation . 

(b)  What  relationship  does  active  Integration  in  a  dynamic 
electronic  circuit  have  on  degradation  of  the  element. 

(c)  Establish  relationship  of  overall  gross  changes  in 
oscillator  circuit  output  parameters  v^lth  individual 
Clemen  ts  . 

(d)  Investigate  possible  combinations  of  individual 
electronic  element  degradation  which  could  occur 
within  the  overall  operating  limits  of  the  oscillator 
circuit . 

(e)  For  the  typical  oscillator  circuit  under  consideration, 
specify  element  tolerances  which  realistically  extend 
stable  operation  based  upon  circuit  parameter  degradation 
conpensation . 

(f)  Build  test  oscillator  circuits  in  statistical  quantities 
to  test  basic  nuclear  radiation  degradation  assumptions. 

(g)  From  these  tests  determine  if  the  quantitative  degrada¬ 
tion  data  used  In  original  analysis  was  complete  or  accur¬ 
ate  enough.  In  some  coses  ac tua 1  quantitative  data  may  not 

C  .X  X  S  U  • 


Output 
the  result 
ges  in  all 
power . 


power  failure  of  both  the  FM/FM  and  PM/FM  transmitters 
of  non-compensating  nuclear  radiation  Induced  element 
stages  which  resulted  in  a  gradual  decrease  In  output 
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TABLE  14 


SUMMARY  OP  NUCLEAR  RADIATION  TEST 


.  "■  ■■  INUCLEAR  RADIATION  EXPOSURE 

COMPONENT  &  -RESULTS 

NEUTRONS 

n^/cm^ 

GAMMA 

ergs/gm-(C ) 

Telechrome  Model  1472A  PM/PM  Telemetering 
Transmitter 

-0.01^  carrier  frequency  deviation 
-100^^  output  power 

3.0  X  ioi6 

1.0  X  10^^ 

6.0  X  10I5 

1.1  X  loll 

3.7  X  108 

2.0  X  lOlO 

Dendix  Model  TXV-13  PM/FM  Telemetering 
Transmitter 

-0.004^  carrier  frequency  deviation 
-100^  output  power 

3.0  X  10^^ 

3.0  X  I0I6 
3.0  X  lOl^ 

7.5  X  lolO 

7.5  X  lOlO 
8.0  X  10° 

Vector  Model  S-81B  Mixer  Amplifier 

2.8  X  IOI6 

7.6  X  lolo 

Vector  Model  S-81B  10.5  Kc  Subcarrier 
Voltage  Controlled  Oscillator 

a.  dc  amplifier 

-0^  output  voltage 

b.  Multivibrator 

-0^  output  voltage 

c.  Low  pass  filter 
-O^J  output  voltage 

3.1  X  10^^ 

1.9  X  I0I6 
5.0  X  lOl^ 

5.0  X  lOl^ 

9.6  X  lol*^ 

5.7  X  lOlO 

1.5  X  109 

1.5  X  109 

Vector  Model  S-SlB  14.5  Kc  Subcarrier 
Voltage  Controlled  Oscillator 

a.  dc  amplifier 

-Ofo  output  voltage 

b.  Multivibrator 

-0%  output  voltage 

c.  Low  pass  filter 
-07  output  voltage 

2.8  X  10^^ 

1.0  X  I0I6 

4.0  X  lOl^' 

4.0  X  lOl^ 

8.0  X  lOlO 

2.9  X  lOlO 

1.3  X  io9 

1.3  X  109 

Gianninl  Pressure  Transducer  {Potentiometer 
Type)  0  to  4000  PSID  Range 

-  /  d'A'  output  voltage  deviation 

5.1  X  IOI5 

1.8  X  I0I5 

2.4  X  lOlO 

8.5  X  109 

Gianninl  Pressure  Transducer  (Potentiometer 
Type)  0  to  30  PSIG  Range 

-1005«  output  voltage  deviation  due  to 
unknown  causes 

7.2  X  IOI5 

7.2  X  10^5 

-  _  -  _  ■  - -  .  — 

2.9  X  lOlO 

2.9  X  lOlO 
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TABLE  14  (Continued) 


COMPONENT  &  -RESULTS 

[UJOleak  HADIATION'T^IXPOSURE  1 

NEUTRONS 

nf/cm2 

GAMMA 

ergs/gm-(c) 

Glannlnl  Pressure  Transducer  (Potentlometi 
Type)  0  to  15  PSIG  Range 

-  Failure  not  due  to  Irradiation 

:r  7.25  x  10^5 

2.9  X  lOlO 

Glannlnl  Pressure  Transducer  (Potentlomet( 
Type)  0  to  1500  PSIG  Range 

-1.8^  Maximum  deviation 

:r  6.7  X  10^-5 

2.3  X  lolO 

Trans-Sonic  Pressure  Transducer 
(Potentiometer  Type)  0  to  150  PSIA 
-  did  not  fall 

6.7  X  lo^'5 

2.3  X  lOlO 

Bourns  Pressure  Transducer  (Potentiometer 
Type)  0  to  4000  PSID  Range 
-  did  not  fall 

5.4  X  10I5 

2.1  X  lolO 

Marklte  Angular  Position  Transducer 
(Potentiometer  Type) 

-  failed 

7.6  X  I0I5 

3.1  X  lOlO 

Fairchild  Angular  Position  Transducer 
(Potentiometer  Type) 

-failed 

7.6  X  10I5 

3.1  X  lolo 

Photosensitive  Amorphua  Selenium 

Detector- 

No  gross  changes  In  dark 
resistivity  detected 

- — 

'lUCLEAR  RADIATION  EXPSOURE 

rate 

NEUTRONS 
nf/cm2  sec 

GAMMA  1 

ergs/gm-(C)hr 

1.1  X  108 

2.1  X  107 

Light  Sensitive  Detector 

Light  pulse  detectable  above  gamma 
Induced  dark  current 

2.2  X  107 

10.’ 


app2i:dix  I 

DOSIMPTRi 

1.0  The  Ground  Test  Reactor  (G’i'R) 

The  telemetering  system  transducer,  servo  actuator  package,  and 
PM  generator  were  Irradiated  in  the  oast  position  of  the  throe  mega- 
v.'att  water  moderated,  enriched  uranium  235  OTil  at  General  Dynamics, 
Fort  V/orth  during  the  period  of  September  18  through.  21,  I96I,  for 
a  total  exposure  of  approximately  Cl  hours  or  237  Mw  hours.  The 
reactor  operation  log  is  presented  in  Table  15. 

TABUi  15 

GTR  REACTOR  OPERATION  LOG 
(RUN  NO.  6' 


DTTTE  : 

(Sept.  1961) 

■"TlIiE - 

(hrs) 

'REA-CYOR-T'^'lvW 

(Mw) 

DESCRIPTION 

18  i 

0^(51 

0.05 

Went  to  power 

18 

0651 

3.0 

Increased  power 

18 

10^*5 

0.0 

Reactor  shut  down 

18 

1136 

3.0 

Went  to  power 

•  19 

1325 

0.0 

Recracted  reactor  out  of  closel 

19 

1^152 

3.0 

Returned  reactor  to  closet 
position 

19 

1501 

0.0 

Reactor  shut  down 

19 

1531 

3.0 

V/ent  to  po’.'/er 

21 

lOOil 

!  0.0 

Retracted  reactor  out  of  closel 

21 

iidi 

3.0 

Returned  reactor  to  closet 
position 

21 

125C 

0.0 

Reactor  chut  down 

21 

i-^Bk 

3.0 

Wont  to  pov;er 

21 

1925 

0.0 

Termliiated  test 

Donimei:ry  oacl'cts  '..'ere  used  to  monitor  the  nuclear  radiation 
ex.posure  of  each  component  and  consisted  of  nitrous  oxide  detecto  s 
for  -rammas;  aluminum  foils,  bare  and  c<admlum-covercd  cobalt  foil.-  and 
sulphur  foils  for  neutron  fluxes.  A  description  of -the  neutron-  ' 
detector  characteristics  is  contained  in  Table  I6. 

rAbLI';  16 


DEdCRIPi’ION  OF  NldJTRO:: 


DE'i?EC  'l’OILC 


Foil 

Type 

Code 

S  i  f 

i  wrjor -v  iion.te 

Reaction 

Cobalt 

0 

0 

1  cm^’  0.'^^'  " 

O.'l'  ev 

Co59(i-,,  i/  )Co80 

1  1 
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TABLE  l6  (Continued) 


I^oTI 

Type 

Code 

Size 

Energy  Range 

Reaction 

Sulfur 

SX 

0.75"  dia.  x  0.26" 

E  2.9  Mev 

S32(n,p)  p32 

Aluminum 

LF 

Icm^  X  0.010" 

E  8.1  Mev 

Al^'^(n,  ce  )Na24 

Twenty-four  dosimetry  packets  were  mounted  on  the  test  pallet 
at  different  locations.  The  packet  numbers  and  locations  are  listed 
).n  Table  IIIA;  all  directions  are  looking  toward  the  east  pallet  from 
the  reactor  closet,  except  for  the  transducer  system  which  Is 
described  as  If  looking  from  the  south  to  the  north. 

TABLE  17 

LOCATION  AND  IDENTIFICATION  NUMBERS  OF  DOSIMETRY  PACKETS 


Packet  ~~  Location 

No. 


1  2  Inches  above  14.5  kc  SCO. 

2  3  Inches  to  left  at  top  edge  of  Bendix  transmitter 

3  1  Inch  to  right  of  mixer 

4  right  edge  of  . Telechrome  transmitter 

5  1  inch  above  Telechrome  transmitter 

6  1  inch  to  left  of  Bendix  transmitter 

7  behind  and  midway  between  14,5  kc  SCO  and  mixer 

8  behind  Bendix  transmitter 

9  left  side  10.5  kc  SCO 

10  behind  center  of  Telechrome  transmitter 

11  2  Inches  above  actuator  output  shaft 

12  above  actuator  drive  motor 

13  2  Inches  below  actuator  drive  motor 

14  2  Inches  below  actuator  shaft 

15  top  of  generator  drive  motor 

16  top  of  generator 

17  2  Inches  below  base  of  cathode  follovjer 

18  2  Inches  right  of  stepping  sv/itch 

19  behind  Trans-Sonic  Pressure  Transducer  #215 

20  behind  Giannlnl  Pressure  Transducer  #46l55H-4-10 

21  1.5  Inches  to  left  of  Giannlnl  Pressure  Transducer  #1421 

22  2  Inches  to  right  of  Giannlnl  Pressure  Transducer  #A512l8 

23  1  inch  above  Marklte  pot 

24  _ 1  inch  above  Fair’chlld  pot 


shown  on  Figures  45,  46,  47  as  actual 
pallet. 

iut 


These  locations  are  also 
physical  locations  on  east 
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FIGURE  k7  DOSIMETRY  PACKET  LOCATIONS  ON  EAST  PALLET  OF  G.T.R 
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The  dosimetry  for  this  test  was  furnished  by  General  Dynamics- 
Port  Worth.  The  results  of  the  dosimetry  measurements  are  reported 
in  Table  l8.  The  fast  neutron  fluxes  for  neutrons  with  energies 
greater  than  one  million  electron  volts  were  calculated  from  the 
sulfur  data  by  the  relationship 

=  2.6h  d 

1  Mev  2.9  Mev 

v;hich  is  applicable  for  the  G.T.R  spectrum  (Ref.  Fig.  48). 
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This  coluinn  was  obtained  from  the  reported  sulfur  data  anc  j^ev —  2.b4^}2.9  Mev 

Where  (x)  denotes  10“ 


1*8 
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APPENDIX  II 


PHYSICAL  CHARACTERISTICS: 


MINIATURE  SUBCARRIER  OSCILLATOR 
VECTOR  TYPE  S-8IB 

SPECIFICATIONS* 


1.875  Inches  by  1.422  inches 
by '2. 188  inches 
6.5  ounces 


SIZE: 


PERFORMANCE  CHARACTERISTICS : 

POVJER  REQUIREMENTS : 


INPUT  IMPEDANCE: 

OUTPUT  IMPEDANCE: 

OUTPUT  VOLTAGE: 
MODULATION  SENSITIVITY: 
STABILITY: 


DRIFT: 


DISTORTION: 


LINEARITY : 


p:nviromental  characteristics  : 

ACCELERATION : 
ALTITUDE: 

HUMIDITY: 

SHOCK: 

TEMPERATURE: 
VIBRATION : 


Plate:  15O  volts  at  5  nia 
Filament:  6.3  volts  dc  at 
6^  ma 
1.0  megohm  ^  20;^ 

47  K  ohms 

2.5  volts  rms  minimum 
0  to  5  volts  dc  for  7^  deviation 
Filament  Voltage:  A  change  of 
c  10;;^  v;ill  .vary  the  center  frequency 
less  than  -  25^^  . 

Plate  Voltage:  A  change  of  ^ 
will  vary  Uie  center  frequency 
less  than  4  2^5 

Less  than  e  of  design  band¬ 
width  for  a  period  of  8  hours 
at  room  temperature 
At  center  frequency,  the  total 
harmonic  distortion  of  output 
signal  is  less  than  0.75''^ 

Less  0.75^’’  of  design  bandwidth 
froin  best  straight  line 


SO- 

100,000  ft. 

95^  at  50°C 

60g 

-70^0  to  115°C 

55  to  2000  CPS  and  10"  in  each 
major  a:: is 


♦Vector  Mfg.  Co,,  Inc.  TECHNICAL  BULLEPIN  MO.  B-2 

in 


APPENDIX  III  . 


MIXER  AMPLIFIER,  MINIATURE 
VECTOR  TYPE  A-80 

SPECIFICATIONS* 


physical  CHARACTERISTICS: 

SIZE: 

V/EIGHT: 

PERFORMANCE  CHARACTERISTICS: 

POWER  REQUIREMENTS : 

OUTPUT  IMPEDANCE: 
HARMONIC  DISTORTION; 
FREQUENCY  RESPONSE: 

GAIN; 

ENVIROMENTAL  CHARACTERISTICS : 

ACCELERATION: 

SHOCK: 

VIBRATION ; 

TEMPERATURE : 


Overall  dimensions,  1.875  in. 
by  1.422  in.  by  2.188  Inches 
6.5  ounces 


Plate:  150  volts  dc  at  15  ma 

Filament:  6.3  volts  dc  at 
600  ma . 

Cathode  follower  output 
Less  than  5^ 

Less  than  0.5  db  from  100  cps 
to  100  Kcps 

Adjustable  to  approximately 
20X  10  volts  rms  maximum  output 


50  g 
50  g 

55  to  2,000  cps  and  lOg  in  each 
major  axis 
-70Oc  to  /  115°C 


*Vector  nfg,  Co.,  Inc.,  TECHNICAL  BULLl'TIN  NO.  K-2 

n2 


APPENDIX  IV 


fm/pm  subminiature  telemetering  transmitter 

TELECHROME  MODEL  1472-A2 
SPECIFICATIONS* 


PHYSICAL  CHARACTERISTICS: 

SIZE: 

WEIGHT: 

PERPORMAInJCE  CHARACTERISTICS: 

POWER  REQUIREMENTS: 

FREQUENCY: 

POV7ER  OUTPUT: 

FREQUENCY  STABILITY: 

,  MODULATION  LINEARITY: 

FREQUENCY  RESPONSE: 

FREQUENCY  DEVIATION: 
DEVIATION  SENSITIVITY: 

DISTORTION: 

ENVIRONMENTAL  CHARACTERISTICS: 

ACCELERATION : 

SHOCK: 

TEMPERATURE: 

VIBRATION: 


4.00  inches  long,  2.75  inches 
wide.,  1.50  inches  high 
11  ounces 


200  volts  dc  ^  at  60  ma 
6.5  volts  dc jt  3%  at  0.8  amp 
26  volts  dc  ^  at  .2  amp 
230  Me 

2  watts  minimum  into  a  50  ohm 
non-reactive  load 
Carrier  frequency  stable  within 
=  0.01?i 

Frequency  deviation  proportional 
to  signal  amplitude  with  a  line¬ 
arity  of  5f=’  or  better,  from  0-3 
volts  peak  to  peak  input 
Flat  within  C  3  db  from  100  cps 
through  80,000  cps 
-  150  Kc  maximum 

2.75  volts  peak  to  peak  from  100 
cps  through  80,000  cps  for  ^  75 
Kc  deviation  at  output  frequency 
Less  than  3.0fS  for  1.5Kc  sine 
wave  modulation 


12g 

30g^ 

-55°C  to  100°C 

55  to  2,000  cps  and  10  g  in 

each  major  axis 


*Telechrome  Mfg.  Co.,  TECHNICAL  BULLETIN 
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APPENDIX  V 

PM/PM  TELEMETERING  TRANSMITTER 
BENDIX-PACIPIC  MODEL  TXV-13 

SPECIFICATIONS* 

PmrSICAL  CHARACTERISTICS; 

SIZE;  1.63  inches  hlsh  by  3-03  Inches  v/lde 

by  4.58  inches  lon^ 

WEIGHT :  1 . 1  lb 

PERFORMANCE  CHARACTERISTICS: 

POWER  REQUIREMENTS:  Heater  supply  6.3  volts  dc  at  1.2  amp 

Br  voltage  of  I80  volts  dc 
B'  current  of  85  ma  nominal 

FREQUENCY :  230  Me 

POWER  OUTPUT:  1.8  watts  minimum  with  rated  supply 

voltages 

FREQUENCY  STABILITY:  Carrier  frequency  stable  v;ithln 

DEVIATION  SENSITIVITY:  Modulation  index  12.5  per  volt  /20>j, 

-  10^5 

DISTORTION:  1.0^5  maximum  theoretical  distortion 

for  a  modulation  index  of  2.  Actual 
demodulatoi’  distortion  is  less  than 
2^ 

OUTPUT  (RF)  LOAD  IMPEDANCE: 50.0  ohms  nominal 

OUTPUT  SPURIOUS:  At  least  50  db  below  carrier  in  the 

HP,  VHP,  and  UHF  spectrums 

ENVIRONMENTAL  CHARACTERISTICS : 

CONSTANT  ACCELERATION:  Constant  acceleration  to  60g  in  any 

plane  produces  less  than  IJ'j  of  band¬ 
width  variation 

SHOCK;  V/ith  a,60g  acceleration  applied 

abruptly  and  sustained  for  25  milli¬ 
seconds,  in  any  plane,  the  transient 
noise  peak  produced  on  a  typical  sub- 
carrier  output  is  less  than  10^5  of 
bandwidth 

TEMPERATURE:  For  a  temperature  change  from  -400F 

to  185°F  the  carrier  frequency  re¬ 
mains  constant  v.'lthln  .01;:^ 

VARIATION:  Less  than  2.0  Kc  peak  carrier  frequency 

deviation  produced  by  vibration  up  to 
lOg  at  frequencies  up  to  1000  cps  in 
any  plane 


*  Bendlx-Paclf ic  Technical  Bulletin  dated  January  6,  I958 
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APPENDIX  VI 


0  TO  15  PS 10  GIANNINI  MODEL  ^3122^ 
PRESSURE  TRANSDUCER 


SPECIFICATIONS* 


POTENTIOMETER  RESISTANCE:  The  potentlometen  resistance  shall  be  2000 

to  10,000  ohms  (^5'"^). 

■  <<»• 

WEIGHT:  The  maximum  weight  of  the  transducer  shall 

be  12  oz. 


LINEARITY: 

RESOLUTION : 
REPEATABILITY: 

HYSTERESIS : 

FRICTION: 


INSULATION  RESISTANCE: 


POWER  RATING: 


TEMPERATURE : 


The  maximum  deviation  in  voltage  ratio  of 
the  Increasing  calibrati-«n  curve  from 
the  most  favorable  straight  line  drawn 
through  it  shall  be  0.008. 

The  minimum  number  of  turns  of  wire  on  the 
potentiometer  shall  be  250. 

The  maximum  difference  between  voltage- 
ratio  measurements  made  at  the  same  pres¬ 
sure  under  identical  conditions  shall  be 

0.005. 

The  maximum  difference  in  voltage  ratio 
between  the  increasing  and  decreasing 
calibration  curves  shall  be  O.OO5. 

The  maximum  change  in  voltage  ratio  when 
the  transducer  is  tapped  or  vibrated 
lightly  after  a  pressure  change  s’r.aTl 
be  0.012. 

The  minimum  insulation  resistance  between 
each  electrically  isolated  terminal  and  the 
case  shall  be  50  megohms  when  tested  at 
250  Vdc. 

The  potentiometer  shall  safely  cari-y  a 
continuous-duty  load  of  0.25  watts  wlicn 
operated  v/lthin  the  r<.ited  temporatui'c  I’anre 

The  voltage  ratios  measured  at  anv  toiuncr  — 
ature  within  the  range  of  -hA^C  to 

/100<^C  (/212°f)  shall  not  differ  from  that 
measured  at  room  temperature  by  more'  tlian 
0.012. 
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APPENDIX  VI  (Continued) 

OVERPRESSURE:  Overpressure  20^o  in  excess  of  full  range 

shall  not  cause  electrical  discontinuity 
or  a  change  In  calibration. 


II 

II 

li 

*  aiannlni  Specification  S451224.01,  Dated  20  September  I957  f 
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APPENDIX  VII 


0  TO  30  PSIG  GIANNINI  MODEL  451218 
PRESSURE  TRANSDUCER 

SPECIFICATIONS* 

POTENTIOMETER  RESISTANCE:  The  potontloineter  resistance  shall  be 

available  from  2000  ^ms  to  10,000  ohms 
with  a  tolerance  of  6  5^i. 

V\rEIGHT:  The  maximum  v/ei^ht  of  the  transducer  shall 

be  1  oz . 

LINEARITY:  The  maximum  deviation  in  voltage  ratio  of 

the  Increasing  calibration  curve  from  the 
most  favorable  straight  line  drawn  through 
it  shall  be  0.010. 

REPEATABILITY:  The  maximum  difference  in  voltage  ratio 

between  any  reading  taken  at  any  pressure 
point  and  any  other  reading  taken  at  the 
same  pressure  under  Identical  conditions 
shall  be  0.005. 

FRICTION:  The  maximum  difference  in  voltage  ratio 

when  the  transducer  is  tapped  after  a 
pressure  change  shall  be  0.012  for  pressure 
ranges  above  30  psl  and  0.015  for  pressure 
ranges  below  30  psl. 

INSULATION  RESISTANCt.:  The  minimum  insulation  resistance  between 

each  terminal  and  the  case  shall  be  50 
megohms  at  sea  level.  Measurements  of 
absolute  models  shall  be  made  at  250  Vdc . 
Measurements  of  differental  and  gage  models 
shall  be  made  at  5OO  Vdc. 

CURRENT  RATING:  The  potentiometer  shall  safely  dissipate 

continuously  O.25  watts  at  /  71°C. 

TEMPERATURE;  The  voltage  ratios  measured  at  any  tempera¬ 

ture  within  the  range  of  -54°C  (-65'^F)  and 
/  85°C  (/i85°F)  shall  not  differ  from  that 
measured  at  room  temperature  by  more  than 

0.00025  VR/Oc. 

OVERPRESSURE;  Overpressure  20?i  In  excess  of  full  range 

shall  not  cause  electrical  discontinuity 
or  a  change  in  calibration. 

*  Olannlnl  Specification  S'l512l8.01,  Rev.  D,  Dated  2  December  I959 
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APPENDIX  VIII 


0  to  1500  PSIG  GIANNINI  MODEL  46ll9Y  PRESSURE  TRANSDUCER 


SPECIFICATIONS* 


POTENTIOMETER  RESISTANCE:  Ths  potentiomctor  shall  have  any  specified 

total  resistance  from  1000  to  10,000  ohms. 
/lO^  -0. 


V/EIGHT: 


The  maximum  weight  of  the  transducer  shall 
be  9  oz. 


LINEARITY: 


RESOLUTION : 
REPEATABILITY: 


The  maximum  deviation  in  voltage  ratio  of 
the  increasing  calibration  curve  from  the 
most  favorable  straight  line  drawn  throun-h 
it  shall  be  0.010. 

The  minimum  number  of  turns  of  wire  on 
the  potentiometer  shall  be  150. 

The  maximum  difference  between  voltage- 
ratio  requirements  made  at  the  same  pres¬ 
sure  under  identical  conditions  shall  be 
0 . OOS . 


HYSTERESIS: 


FRICTION: 

INSULATION  RESISTANCE: 


CURRENT  RATING: 


TEMPERATURE : 


The  maximum  difference  In  voltage  ratio 
between  the  increasing  and  decreasing 
calibration  curves  shall  be  as  follov/s: 
0.010  -  0  thru  2000  psl 

The  maximum  change  in  voltage  ratio  when 
the  transducer  is  tapped  after  a  pressure 
change  shall  be  O.OO8. 


Ihe  minlitium  resistance  between  each  electri¬ 
cally  isolated  terminal  and  the  case  shall 
be  50  megohms  when  measured  at  500  Vdc  at 
sea  level. 

The  potentiometer  shall  safely  carry  a 
maximum  contlnuous-dutv  current  ol'  10 
i  1 1  ia *  ipere s  at  2000  ohms  and  Y  milllamperes 
at  9000  ohms. 


The  nia;;ir.ium  difference  bet\/een  volta^’-e-ratlo 
measurements  made  at  -5^t°c  (-65°F)  and  /71oc 

(/iPO'^j.  )  and  those  made  at  room  tomoerature 
shall  be  0.020. 
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APPENDIX  VIII  (Continued) 


OVERPRESSURE:  An  overpressure  20^  In  excess  of  the  full 

pressure  range  of  the  transducer  shall 
not  cause  structural  damage,  electrical 
dlscontlnunlty,  or  a  change  In  calibration 


*  Qlannlnl  Specification  S46119.12,  Rev.  E,  Dated  15  January  i960 
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APPENDIX  IX 


0  TO  4000  PSID  GIANNINI  MODEL  46155-H-D 
PRESSURE  TRANSDUCER 

SPECIFICATIONS* 


POTENTIOMETER  RESISTANCE:  The  potentiometer  resistance  may  be  any 

resistance  fr^  2000  to  7500  ohms  with  a 
tolerance  of  L  5.0$^. 

LINEARITY:  The  maximum  deviation  in  voltage  ratio  of 

the  increasing  calibration  curve  from  the 
most  favorable  straight  line  drawn  through 
it  shall  be  0.010. 


RESOLUTION:  The  maximum  average  Increment  of  output 

shall  be  a  voltage  ratio  of  0.007. 

REPEATABILITY:  The  maximum  difference  between  voltage- 

ratio  measurements  made  at  the  same  pres¬ 
sure  under  Identical  conditions  shall  be 
0.008. 


HYSTERESIS: 


FRICTION: 


INSULATION  RESISTANCE: 


POWER  RATING: 


The  maximum  difference  in  voltage  ratio 
between  the  Increasing  and  decreasing 
calibration  curves  shall  not  exceed  the 
values  shown  in  the  following  table: 
PRESSURE  RANGE  (psl)  HYSTERESIS  (vr) 

0  thru  5000  0.020 

The  maximum  change  in  voltage  ratio  when 
the  transducer  is  tapped  or  vibrated 
lightly  after  a  pressure  change  shall  not 
exceed  0.008. 

The  minimum  resistance  between  each 
electrically  Isolated  terminal  and  the 
case  shall  not  exceed  50  megohms  when 
measured  at  500  Vdc  at  sea  level. 

The  potentiometer  shall  safely  dissipate  a 
continuous  power  of  0.5  watt.  The  maximum 
continuous-duty  current  rating  is  governed 
by  this  power  rating  and  the  potentiometer 
resistance . 


The  voltage  ratio  measured  at  -54®c  (-650F) 
shal]  not  differ  from  that  measured  at 
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TEMPERATURE: 


APPENDIX  IX  (Continued) 

TEMPERATURE  (Continued):  room  temperature  by  more  than  0,020. 

The  voltage  ratio  measured  at  +  1'49“C 
(+300®P)  shall  not  differ  from  that 
measured  at  room  temperature  by  more 

than  0.025. 

OVERPRESSURE:  The  structural  and  performance  character¬ 

istics  of  the  transducer  shall  not  be 
affected  adversely  by  the  application  of 
a  pressure  20^  in  excess  of  the  full 
pressure  range. 


*  Qlannlnl  Specification  S46l55.02  Rev.  F,  Dated  I9  Jan  i960 
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APPENDIX  X 


I.  INTERACTION  OF  NUCLEAR  ENERGY  WITH  MATTER 

1 . 1  Introduction 

Components  in  the  teat  were  subjected  to  neutrons,  gamma  photons, 
and  neutrinos  emitted  from  a  reactor.  Neutrino  energy  can  be  neglect¬ 
ed  altogether  because  the  probability  of  Its  Interaction  with 
matter  Is  extremely  small.  Interaction  of  neutrons  and  gamma  photons 
with  matter  are  of  chief  concern  because  the  probability  of  Interaction 
with  certain  atomic  nuclei  is  large  enough  to  bring  about  physical  and 
chemical  changes  on  the  molecular  level,  thus  altering  the  functional 
applicability  of  materials. 

1.2  Neutron  Reactions 


Neutrons  are  neutral  sub-atomic  particles  recognized  as  one  of 
the  fundamental  nuclear  particles  by  Chadwick  In  1932.  Being  electri¬ 
cally  neutral,  neutrons  penetrate  most  solid  bodies  rather  freely, 
moving  through  them  by  diffusion,  due  to  the  scattering  effect  by 
atomic  nuclei.  Neutrons  Interact  with  matter  on  the  nuclear  level  by 
"absorption"  and  "scattering." 

The  absorption  mechanism  of  atomic  nuclei  Is  related  to  the 
neutron  kinetic  energy  and  Is  usually  divided  Into  slow  and  fast  neutron 
Interactions.  Absorption  reactions  are  basically  the  capture  of  a 
neutron  by  an  atomic  nucleus,  which  forms  a  compound  nucleus  of  the 
same  element,  with  the  ultimate  expulsion  of  particles  or  a  subdivi¬ 
sion  into  two  parts.  The  difference  between  fast  and  slow  neutron 
absorption  is  the  predominant  decay  scheme  of  the  excited  compound 
nucleus  to  the  ground  state. 

Expulsion  of  a  charged  particle  from  the  excited  compound  nucleus, 
formed  as  a  result  of  fast  neutron  capture.  Is  more  probable  than  gamma 
photon  emission.  Hence,  neutron-alpha  and  neutron-proton  reactions  of 
nuclei  with  fast  neutrons  having  energies  of  1  Mev  or  more,  occur  more 
readily  than  the  neutron,  gamma  photon  reaction. 

The  most  common  slow-neutron  reaction  Is  the  radiative  capture 
process  In  which  the  target  nuclei  absorbs  a  slow-neutron  and  emits 
a  gamma  photon.  Other  slow  neutron  absorption  reactions  Involve 
neutron  absorption  by  nuclei  followed  by  either  (1)  the  ejection  of 
an  alpha  particle;  (2)  the  ejection  of  a  proton;  (3)  fission. 

Neutron  scattering  by  nuclei  Is  a  reaction  In  which  the  neutron 
Interacts  with,  and  transfers  part  or  all  of  Its  energy  to,  the  nucleus, 
but  the  neutron  remains  free  after  the  process.  Scattering  collisions 
are  of  two  typos,  elastic  and  Inelastic.  In  an  Inelastic  scatter  pro¬ 
cess  momentum  Is  conserved,  but  kinetic  energy  is  not.  Part  of  the 
neutron  kinetic  energy  Is  converted  Into  Internal  energy  of  the  struck 
nucleus.  Inelastic  neutron  sen’-ter-'ng  is  related  to  specific  properties 
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of  the  struck  nucleus  and  in  general  only  occurs  when  the  kinetic 
energy  of  the  neutron  Is  fairly  large.  Conservation  of  both  energy  and 
momentum  Is  characterized  by  elastic  neutron  scattering.  Some  or  all 
of  the  neutron  kinetic  energy  appears  as  kinetic  energy  of  the  struck 
nucleus,  thus  reducing  the  neutron  velocity.  The  amount  of  kinetic 
energy  given  up  by  the  neutron  Is  related  to  the  scattering  angle  and 
atomic  mass  number  of  scatterer.  Kinetic  energy  transferred  to  the  ~ 
atoms  In  a  material  Is  dissipated  by  Ionization,  excitation  and  more 
elastic  collisions  with  other  atoms. 

1 . 3  Gamma  Photon  Reactions 

Gamma-rays  are  electromagnetic  radiation  of  nuclear  origin,  of 
very  short  wavelength,  emitted  by  the  nuclei  of  certain  atoms  In  the 
course  of  their  radioactive  decay.  Gamma  rays  are  not  composed  of 
particles  but  consist  of  high  energy  photons;  they  have  the  speed  of  / 
light,  have  no  electric  charge  or  rest  mass,  but  do  have  a  very  slight 
mass  due  to  their  motion  and  velocity.  The  wavelength  of  a  gamma  ray  is 
a  .  characteristic  of  the  atom  emitting  it.  Penetration  power  Is 
Inversely  proportional  to  the  density  of  the  substance  penetrated. 

The  absorption  of  gamma  ray  photons  by  matter  occurs  as  follows:  (l) 
lov/  energy  gamma  photons  are  absorbed  by  the  photoelectric  effect  In 
which  a  small  part  of  their  energy  Is  spent  In  dislodging  an  orbital 
electron,  and  the  remainder  Is  imparted  to  the  dislodged  electron  as 
kinetic  energy;  (2)  high  energy  gamma  photons  undergo  Compton  scatter¬ 
ing  in  which  a  gamma  photon  makes  an  elastic  collision  with  an  outer 
orbital  electron,  dislodging  It  and  transferring  part  of  Its  kinetic 
energy  to  the  electron;  (3)  pair  production  In  which  a  gamma  photon 
v/lth  energies  In  excess  of  1.02  Mev  pass  near  the  nucleus  or  orbital 
electron  of  an  atom  and  Is  annihilated  in  the  strong  electric  field 
with  the  formation  of  an  electron-positron  pair.  The  loss  of  an  elec¬ 
tron,  as  described  above,  leaves  the  atom  In  an  Ionized  or  excited 
state  so  It  can  migrate  In  applied  electric  fields  or  take  part  In 
chemical  reactions. 

1.4  Combined  Neutron  and  Gamma  Photon  Environment 


The  nuclear  environment  created  by  the  fission  process .which  passes 
through  the  water  moderator  consists  primarily  of  neutrons  and  gamma 
photons  but  once  these  forms  or  energy  interact  with  matter  as  described 
in  1.2  and  1.3  the  nuclear  environment  Is  altered  with  the  production 
of  secondary  forms  of  radiation.  The  nuclear  radiation  environment 
to  which  the  test  samples  were  exposed  consisted  of  gamma  photons. 
Ionized  atoms,  electrons,  positrons,  protons,  alpha  particles,  beta 
particles,  and  x-rays.  The  combined  effects  of  all  these  forms  of 
radiation  on  matter  differ  for  certain  types  of  compounds  and  include) 

(a)  Metals  -  among  the  changes  which  are  generally  produced  In 
metals  by  radiation  are  increases  In  electrical  resistance, 

In  thermal  resistance.  In  hardness  and  tensile  strength, 
and  moderate  changes  In  dimensional  stability.  Neutrons 
cause  the  majority  of  the  damages  In  metals. 
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(b)  Semi-conductor  devices  are  among  the  most  susceptible 
electronic  components  to  radiation  damage.  Their  elec¬ 
trical  parameters  are  related  to  the  atomic  crystalline 
structure^  which  is  susceptible  to  dislocations  by 
energetic  particles  and  energy.  Contrary  to  the  behavior 
of  most  metals,  semi-conductors  are  affected  not  only  by 

-  neutrons  but  also  by  gamma  photons.  Both  transient  and 
permanent  effects  are  produced  in  the  semi-conductor. 

(c)  Organic  compounds  are  the  most  susceptible  class  of 
materials  to  nuclear  radiation  Induced  changes.  The 
predominant  damage  mechanism  is  by  ionization  and  results 
in  permanent  changes  in  physical,  electrical,  and 
chemical  properties. 
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